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ABSTRACT; 
2,4-D i s a commonly used herbicide applied over large areas of forest 
and a g r i c u l t u r a l land. I t s persistence i n the s o i l depends pa r t l y on the 
properties of that s o i l . 
The persistence of 2,4-D i n f i v e s o i l s , l o c a l to Durham and with 
d i f f e r i n g s o i l properties, was studied. Although differences were found, 
problems were encountered with the method of assay of 2,4-D concentration, 
and i t was thought that more time was required to use t h i s method s a t i s f a c t o r i l y . 
2,4-D sprayed on peat was much l e s s a v a i l a b l e to seeds than i t was when 
sprayed on the magnesium limestone s o i l , and was apparently e i t h e r degraded 
very quickly, or locked up i n the peat, with possibly a slow release l a t e r . 
However, i t was possible to leach most of the 2,4-D out of the peat, as e a s i l y 
as out of the magnesium limestone. 
2,4-D appeared to leach s t r a i g h t through a very dry s o i l , whereas much 
of i t was held i n the top s o i l when t h i s was maintained at f i e l d capacity. 
Persistence o.f 2,4-D on the magnesium limestone i n the f i e l d did not appear 
to be very d i f f e r e n t from that i n the containers i n the greenhouse. 
Nitrogen content of the s o i l appeared to be unaffected by spraying with 
2,4-D. 
CHAPTER I INTRODUCTION 
2.4 - dichlorophenoxyacetic acid (2,4-D) i s a herbicide used 
widely in a g r i c u l t u r e and forestry. i t i s now more commonly applied 
i n combination with other herbicides than alone. This widespread 
usage r a i s e s ecological questions about t o x i c i t y , persistence and 
accumulation, and makes i t p a r t i c u l a r l y important to apply only the 
miniumum amount required for the desired e f f e c t . This amount w i l l 
vary considerably i n d i f f e r e n t s i t u a t i o n s and can only be accurately 
assessed i n a given area by accurate knowledge of l o c a l edaphic and 
other environmental conditions, and of t h e i r influence on the 
persistence and e f f e c t i v e t o x i c i t y of 2,4-D. 
2,4-D remains active i n the s o i l f or varying amounts of time, 
ranging from two weeks to over eighteen months, depending on s o i l type 
and other environmental conditions (DeRose, 1946; Mitchell and Marth, 
1946). 
Loss of 2,4-D from the s o i l may be due to leaching, chemical, 
breakdown or microbial degradation. Temporary l o s s of 2,4-D a c t i v i t y 
may als o be due to adsorption onto s o i l c o l l o i d s . Where leaching does 
not account for a large proportion of l o s s (Newman, Thomas and Walker, 
1952), the pattern u s u a l l y followed i s : 
( i j A rapid short-term l o s s of perhaps 10^ of the a c t i v i t y i n the 
f i r s t hour or two (Audus, 1949)» 
( i i ) A variable l a g phase i n which the a c t i v i t y remains more or l e s s 
constant; 
( i i i ; Rapid degradation, at the end of which a l l s i g n i f i c a n t a c t i v i t y 
i s l o s t (Audus, 1951. 1952, DeRose and Newman, 1947; Newman, 
Thomas and Walker 1952; Torstensson, Stark and Goransson, 1975;. 
The i n i t i a l phase i s probably accounted for by adsorption onto s o i l 
c o l l o i d s , and Audus U952) found that up to .17m.g. of 2,4-D may 
be adsorbed for each gram of s o i l . 
2. 
The lag phase suggests that the major degradation i s due to 
microbial a c t i v i t y and there i s much evidence for t h i s (Audus, 1949 
and 1950; Ogle and Warren, 1954; Helling, et a l . 1968; Bollag e t _ a l , 
1968; Loos et a l , 1967a; Loos et a l , 1967bJ including work with sodium 
azide - a b a c t e r i a l poison - and autoclaving (Audus, 1951; Brown and 
Mitchell, 1948; De Rose and Newman, 1947)* The l a g phase i s 
considered to be the time required for b a c t e r i a l c e l l s to produce 
induced enzymes. I t has been shown that s o i l s previously treated with 
2,4-D or rela t e d compounds (such as MCPA), or inoculated with b a c t e r i a l 
cultures grown on 2,4-D, lose 2,4-D rapidly from the moment of 
application, without any la g (Audus, 1949» 1952; Torstensson et a l , 
1975; Newman and Thomas, 1949; Newman et a l , 1952). Presumably t h i s 
occurs because the microbial population has already b u i l t up the 
necessary enzymes. The period of l a g has been shown to increase with 
s o i l depth (Newman et a l , 1952). Where leaching i s responsible f o r a 
large proportion of l o s s , there may be no l a g i f 2,4-D i s applied i n 
ester fonnj the i n i t i a l breakdown to free a c i d , which may occur i n as 
l i t t l e as an hour and a h a l f i n the case of the isopropyl and n-butyl 
e s t e r s , i s probably purely chemical (Smith, 1972). 
Various b a c t e r i a capable of breaking down 2,4-D have been 
investigated. Studies of an Arthrobacter species, and of photodegradation . 
of 2,4-D i n aqueous solution, indicate that the most common i n i t i a l Stage 
i n breakdown i s the l o s s of the alkanoic side chain to produce the phenol 
(Helling et a l 1968; Loas et a l , 1967a; Crosby et a l , 1966, Loos et a l , 
1967b; Loss et a l , 1967cJ, followed by dehalogenation to 4-chlorocatechol 
(.Bollag, 1968; Crosby and Tutass, 1966) or 3,5 - dichlorocatechol (Tiedje 
et a l , 1969)» The studies of photodegradation of an aqueous solution 
suggested that 4-chlorocatechol was then further dehalogenated to 1, 2, 4 -
benzenetriol, which was degraded without U-V l i ^ h t requirement, to 
polyquinoid humic acids (Crosby and Tutass, 1966). 
Other workers (Tied.ie et a l , 1969»; Loos et a l , 1967b; suggest 
breakdown by Arthrobacter of 4 - chlorocatechbl and 3, 5 - dichlorocatechol 
to maleylacetic• and chloromaleylacetic a c i d r e s p e c t i v e l y . Other, but 
l e s s common, pathways of degradation include some i n which dehalogenation 
occurs without p r i o r cleavage of the alkanoic chain (Crosby and Tutass, 
1966). Some breakdown products are capable of stimulating plant growth. 
Flavobacterium aquatile i s a l s o capable of breaking down 2,4-D (Jensen and 
Paterson, 1952). B a c t e r i a seem to r e t a i n t h e i r adaptation to degrade 
herbicides for considerable periods (Audus, 1952; Torstensson et a l , 1975J. 
Generally, l o s s of 2,4-D i s probably due la r g e l y to microbial 
degradation. Some workers suggest that leaching sometimes accounts for 
a large proportion of the l o s s where r a i n f a l l i s heavy and drainage good 
(Ogle and Warren, 1954^• Other research, however, suggests that even 
a f t e r heavy r a i n f a l l , l i t t l e i s l o s t from c e r t a i n s o i l s ( S u f f l i n g et a l , 
1974)» and i t may be held very firmly onto s o i l c o l l o i d s (Hanks, 1947. 
De Rose, 1946; Turner, 1971). Even a f t e r heavy leaching some a c t i v i t y 
may remain (Audus, 1951). 
The time required for most of the 2,4-D to disappear c e r t a i n l y depends 
very much on s o i l type and condition. I t i s generally agreed that l o s s of 
2,4-D increases as temperature r i s e s , and as the s o i l ' s moisture content 
r i s e s (Mitchell and Marth, 1946b, Ogle and Warren, 1954; Audus, 1949 and 
1952; Brown and Mitchell, 1948; K r i e s , 1947; Jorgensen and Hamner,1948; 
De Rose and Newman, 1947; C r a f t s , 1949)* Treated s o i l stored almost dry 
was found to be act i v e a f t e r eighteen months (Mitchell and Marth, 1946b). 
The addition of manure up to about 4500Kg/ha was found to increase the rate 
of i n a c t i v a t i o n , but at about 9000Kg/ha the rate was markedly reduced 
(Brown and Mi t c h e l l , 1948). Light probably also a f f e c t s persistence and 
eff e c t i v e concentration of 2,4-D, i t being inactivated more quickly 
bright l i g h t (Penfound and Minyard, 1947; Crosby and Tutass, 1966;. 
Mixing 2,4-D with the s o i l i s found to decrease i t s t o x i t y i n 
comparison with spraying i t onto the s o i l . 
4 . 
Bioassays have been used extensively i n the estimation of 2,4-D. 
The simplest method i s the use of some measurement of growth of whole 
plants, from which a growth index i s calculated; for instance, percentage 
germination (Brown and Mitch e l l , 1948); root growth expressed as a 
percentage f r a c t i o n of the root growth of control plants over the same 
period. Maximum change i n response usually occurs around the growth 
response ^GR^Q) l e v e l ^Hance and McKone i n Audus, 1976). I t i s desirable 
to have a s t r a i g h t l i n e r e l a t i o n s h i p between concentration and growth 
response which can be achieved over a larger range i f the logarithm of 
concentration i s used. Species have been used i n t h i s way including 
Cucumber, (Cucumis s a t i v u s ) (Newman and Thomas, 1949)» cotton iGossypium 
hirsutum) (Leonard at a l , 1962), cress (Lepidium sativum) (Audus, 1952), 
sunflowers (Helianthus annuus) ( C r a f t s , 1949). crabgrass ( D i g i t a r i a 
sanguinalis) (Ogle and Warren, 1954)1 white mustard (Sinapis alba) 
(Tcrstensson et a l , 1975). annual morning glory (Ipomoea), barley (Hordeum 
vulgare) (Mitchell and Marth, 1946), and many other species. 
2. 4 - B i s a synthesized auxin. I t causes d i f f e r e n t i a t i o n and 
i n i t i a t i o n of c e l l d i v i s i o n i n mature c e l l s , i n p a r t i c u l a r increasing 
d i v i s i o n i n the cambium and phloem, {Vliese and Rea, 1962;, but i t generally 
i n h i b i t s c e l l d i v i s i o n i n primary meristems of whole plants ^Cartwright i n 
A-Uius, 1976). This may partly be due to increased production of ethylene 
and partly due to the di s l o c a t i o n of vascular strands, leading to st a r v a t i o n 
of meristenatic t i s s u e . C e l l elongation occurs i n shoots up to a c e r t a i n 
concentration, a f t e r which i t decreases. Growth i s inh i b i t e d i n the long 
term. Root growth.is generally i n h i b i t e d . Secondary meristematic a c t i v i t y 
i s promoted i n the vascular cylinder. Severe shrinkage i n the protoplast i n 
leaves of at l e a s t some species occurs, and chloroplast structure i s 
destroyed (Bachelard and Ayling, 1971). I t can also a f f e c t water soluble 
carbohydrate and n i t r a t e content 0 f leaves ( I r v i n e et a l , 1977). I t i s 
translocated i n the phloem and plugging of phloem may eventually cause death. 
5-
Treated plants may show drooping, c u r l i n g and d i s t o r t i o n of leaves and 
stems (Jackson, 1962), abnormalities i n l e a f growth i n some species, 
and epinasty. Sub-toxic amounts can cause increased growth, and may 
stimulate nucleic acid metabolism and protein synthesis. 
Certain species are much more s e n s i t i v e to 2,4-D than others. In 
general, monocolycotyledons are much l e s s affected than dicotyledons, 
though a few, such as onion (Allium cepaj are very susceptible (Ogle and 
Warren, 1954J. This may be due to the absence, i n monocotyledons, of 
r e l a t i v e l y undifferentiated t i s s u e , such as vascular cambium and phloem 
parenchyma, which p r o l i f e r a t e most e a s i l y . Broad-leaved species vary 
greatly i n s u s c e p t i b i l i t y ajnd there does not seem to be any conclusive 
evidence as to which factors determine s e n s i t i v i t y . Attempts to equate 
i t with quantity of c u t i c l e wax (reported i n Richardson, 1977) f a i l e d to 
produce any r e s u l t s j though stomata and ectodesmata are thought to allow 
for much uptake and t h e i r numbers may a f f e c t i t . 
I t seems more l i k e l y that s u s c e p t i b i l i t y i s connected with uptake 
pattern, or a b i l i t y to detoxify within the plant (Wiese and Rea, 1962;, 
than with the amount taken up. When 2,4-D i s applied to the leaves, some 
workers suggest that a b i l i t y to r e s t r i c t i t s subsequent movement to the 
shoot may p a r t l y confer resistance (Blackman, 1961; Leonard et a l , 1962). 
However, others, studying four weed species d i f f e r i n g i n s u s c e p t i b i l i t y 
did not f i n d any c o r r e l a t i o n ^ i t h translocation to shoot ^Sanad et a l , 197T ^ -
. Although one f a i r l y r e s i s t a n t species (Datura stramionum) did transport 
large amounts of 2,4-D a f t e r uptake through the l e a f , Galium aparine, which 
i s r e s i s t a n t , seemed to bind i t immediately i n the treated l e a f . The two 
susceptible species studied (Chenopodium album and Galinsoga p a r v i f l o r a ) 
showed intermediate patterns of translocation. 
No correlation between translocation from roots to shoots and 
resistance seems to have been found. In general, l i t t l e of the 2,4-D 
taken up by roots reached the shoots. In 32.hours, 3-8% of that absorbed 
by roots of Triticum vulgare was translocated to the shoots (Blackman, 1961). 
6. 
However, there are marked differences found i n uptake pattern. 
The most rapid uptake by roots of a l l species studied by Blackman occurred 
i n i t i a l l y , often j u s t for the f i r s t hour, though other workers have found 
longer i n i t i a l periods up to f i v e hours (Bums et a l , 1969J. After t h i s , 
the rate of uptake was slower, becoming negative for many species. I n 
r e s i s t a n t species (Triticuin vulgare, Hordeum vulgare, Avena s a t i v a , Oryza 
s a t i v a , and the dicotyledon Linum usitatissum) the uptake increased again 
a f t e r t h i s , though not to i t s i n i t i a l l e v e l (Blackman et a l , 1959; Shone, 
pers. comm.). With susceptible species the t h i r d stage of rate of uptake 
was negative, there being an egress of 2,4-D back into the external solution. 
Uptake and translocation of 2,4-D appears to be at l e a s t p a r tly metabolic 
(Shone and Wood, 1973). Shone and Wood found a c t i v e uptake to be much 
greater at pH4 that at pH6.5» and associated t h i s with the difference physico-
chemical properties of 2,4-D at these two pH values, i t being l i p o p h i l i c a t 
the lower pH and lipophobic at the higher. They suggested that l i p o p h i l i c 
substances can diffuse into the vacuoles of c o r t i c a l c e l l s , whereas lipophobic 
compounds reach the shoots mostly from the free space i n the roots. 
Uptake and translocation i s affected by environmental conditions. Relative 
humidity was found to increase absorption and tran s l o c a t i o n i n Wolftail 
(Carex cherokeensisj, the absorption possibly being increased due to increased 
permeability through the hydrated l e a f c u t i c l e ^Burns et a l , 1969). Increase 
i n temperature, at l e a s t up to 20 or 30°C has been found to increase uptake, 
though above t h i s i t may be inhibited (MacKenzie et a l , 1976; Burns et a l , 
1969; Hewitt and C u r t i s , 1943)• Light i n t e n s i t y has also been found to a f f e c t 
t o x i c i t y i n some species. Necrosis and epinasty of water hyacinth was found 
to be much greater i n shade than f u l l sunlight, though much l e s s difference 
between reactions under varying l i g h t i n t e n s i t y was found i n red kidney bean 
(Penfound and Minyard, 1947)- Heather was also more susceptible with shade 
(MacKenzie et a l , 1976). For some species, penetration into leaves was found 
to increase with l i g h t i n t e n s i t y (up to 20,000 l u x ) , but for others there was 
no such simple r e l a t i o n s h i p , though d i f f e r e n t i n t e n s i t i e s appeared to a l t e r 
penetration (Richardson, 1977). 
7. 
Translocation i s reduced by,water s t r e s s , though uptake i s not affected. 
The chemical form of 2,4-D applied, and the addition of surfectants or 
other substances, a l s o a f f e c t s translocation and absorption. 
In general, 2,4-D appears to be most potent when conditions are 
optional for growth (Mackenzie, 1976; Cartwright i n Audus> 1976). Some 
species, r e s i s t a n t at a l a t e r stage, are susceptible as seedlings, including 
Triticum vulgare and other monocotyledons (Mitchell and Marth, 1946a). 
Translocation patterns also seem to vary a t d i f f e r e n t times i n a plant's 
growth. 
2,4-D i s degraded i n plant t i s s u e s and disappears a f t e r a time (Loos 
et a l , 1967a). I t was found to disappear from cucumber i n as l i t t l e as 
24 h. ( S l i f e et a l , 1962), but applied to Veronica baldwinii. i t remained 
from 4 - 1 2 weeks i n the t i s s u e s (Rojas - Garciduenas et a l , 1962). Many 
studies do not d i f f e r e n t i a t e between 2,4-D and breakdown metabolites while 
these reamin i n the plant. 2,4-D appears to remain i n i t s active form i n 
the plant for longer than IAA, which may pa r t l y account for i t s e f f i c a c y 
as a herbicide (Andraea and Good, 1957)- -
I t was intended i n the present study to look at persistence and movement 
of 2,4-D i n the top 10cm of f i v e l o c a l s o i l s . Each s o i l was divided into 
three l a y e r s , the top 2cm, 2-6cm below the surface, and 6-10cm below the 
surface. The f i e l d capacity of each s o i l would be calculated and each of 
the s o i l s analyzed at the three depths for pH, cation exchange capacity, 
and p a r t i c l e s i z e . Any correlations between these properties and 
persistence or v e r t i c a l movement of 2,4-D was to be assessed. Since watering 
regimes i n the s o i l s could not be f u l l y standardized i n t h i s experiment, a 
comparison of d i f f e r e n t watering regimes would a l s o be c a r r i e d out. A 
b r i e f comparison with one of the s o i l s under f i e l d conditions would be made, 
i n case leaching or some other environmental factor caused f i e l d persistence 
to be d r a s t i c a l l y d i f f e r e n t from greenhouse persistence. Any conclusions 
about 2,4-D applied on i t s own would probably be equally v a l i d for i t s 
persistence when applied i n he r b i c i d a l combinations (Smith, 1979)• 
The assessment of 2,4-D concentration would be conducted using 
bioassays. The uptake by seeds used i n the bioassay on two of the 
fi v e s o i l s would be examined radio-chemically, to estimate whether the 
ef f e c t of 2,4-D on growth of the seed was accurately r e f l e c t i n g the 
concentration of 2,4-D put on the s o i l , or whether 2,4-D was being 
made unavailable to the seed before the bioassay was completed. 
Leaching e f f e c t s on the s o i l and seed would also be examined 
radio-chemi c a l l y . 
F i n a l l y , a comparison would be made of the e f f e c t s of treatment 
of s o i l with 2,4-D on the nitrogen content of the s o i l . 
S i t e D e s c r i p t i o n ; 
The f i v e s i t e s were chosen t o in c l u d e some t y p i c a l l o c a l s o i l s , 
i n p a r t i c u l a r the magnesium limestone, and f o r v a r i a t i o n i n s o i l type. 
These s i t e s were: T h r i s l i n g t o n Common; an upland peatmoor about two 
miles from the Derwent Reservoir; and three p l o t s a t the U n i v e r s i t y o f 
Durham Botanic Garden: an e s t a b l i s h e d t u r f ; a garden loam; and a 
woodland s o i l . 
I t was ascertained t h a t none o f the p l o t s from the Botanic Garden 
had been sprayed w i t h any form o f h e r b i c i d e i n the l a s t year. 
P r e l i m i n a r y observations and t e s t s suggested t h a t the s o i l s chosen 
v a r i e d i n pH, drainage, humus and t e x t u r e . None o f the s i t e s was on a 
no t i c e a b l e g r a d i e n t . 
S i t e 1 - T h r i s l i n g t o n Commons 
Gri d reference 337 338 ^Ordnance Survey sheet 93)• Approximate 
a l t i t u d e : 150m. 
This area i s on magnesium limestone. The s i t e chosen was i n a 
we l l - f r e q u e n t e d p a r t o f the common, where the l o c a l v i l l a g e r s walk 
t h e i r dogs and the c h i l d r e n r i d e mopeds. I t was not on the main 
pathways or cycle t r a c k s , however, and by mid-summer the v e g e t a t i o n -
l a r g e l y D a c t y l i s glomerata - was two or th r e e f e e t h i g h . Other species 
i n c l u d e d A g r o s t i s spp Festuca sp, A c h i l l e a m i l l e f o l i u m , Ranunculus spp, 
Plantago l a n c e o l a t a , P o t e n t i l l a e r e c t a . 
Botanic Gardens: 
G r i d r e f e r e n c e : 273402 ^Ordnance Survey sheet 88). 
Approximate a l t i t u d e : 5~\m. 
10. 
S i t e 2 - T u r f : 
This was p a r t o f a small area o f e s t a b l i s h e d t u r f surrounded "by-
c u l t i v a t e d p l o t s . The s o i l was l i g h t coloured and clayey and the 
s i t e p o o r l y d r a i n e d . Species i n c l u d e d A g r o s t i s spp, Festusca spp> 
A c h i l l e a m i l l e f o l i u m , Plantago l a n c e o l a t a , B e l l i s perennis, 
T r i f o l i u m spp. 
Si t e 5 - Wood; 
This was a shaded s i t e a t the edge o f a small wood. The s o i l 
was f r i a b l e and. w e l l - d r a i n e d and covered w i t h a l a y e r o f unhumified 
l i t t e r . Species i n c l u d e d U r t i c a d i o i c a , Veronica sp, Cirsium sp, 
Stachys s y l v a t i c u s , Senecio sp, Rumex sp, Chenopodium sp, 
Epilobium sp. 
Si t e 4 - Loam; 
This was p a r t of a vegetable p l o t wh'ich had been dug and reseeded 
v/ith grass a few months p r e v i o u s l y . The s o i l was f r i a b l e and w e l l - _ . . 
drained. Grass seedlings were j u s t emerging when i t was c o l l e c t e d 
( l a t e May) t o g e t h e r w i t h such weeds as: Tussilago f a r f a r a , Cerastium sp, 
Senecio sp, Chenopodium sp, A c h i l l e a m i l l e f o l i u m . 
S i t e 5 ~ Peat; 
Gri d r e f e r e n c e : 9^2 471 (Ordnance Survey sheet 87). Approximate 
a l t i t u d e : 425m. 
This s i t e was on a managed upland heather moor i n an exposed 
p o s i t i o n . The peat was sometimes o n l y a few centimetres deep ^5—10)• 
I t was u n d e r l a i n w i t h a g r a v e l l y or sandy m i n e r a l s o i l and rock. The 
v e g e t a t i o n was almost e x c l u s i v e l y Calluna v u l g a r i s . 
CHAPTER 2 MATERIALS AND METHODS 
1. P r e l i m i n a r y S o i l Tests: 
S o i l s from f i v e s i t e s a t the Botanic Gardens, one s i t e on 
the Science S i t e and from an upland heather moor were c o l l e c t e d . 
I n i t i a l t e s t s were made f o r pH, organic carbon l o s s on i g n i t i o n 
a t low temperature ( B a l l , 1964)» &n<i o x i d i z a b l e organic carbon. 
A few p r e l i m i n a r y t e s t s were a l s o made f o r growth o f wheat 
( T r i t i c u m vulgare). and cress (Lepidium sativum) on the s o i l s v/hen 
t r e a t e d w i t h 2,4-D. 
2. S o i l C o l l e c t i o n ; 
2 
An area o f 100m was marked out a t each s i t e and samples taken 
from .random p o i n t s w i t h i n t h a t area. 
I n i t i a l attempts were made t o c o l l e c t s o i l by means o f a borer 
but i t proved impossible t o c o l l e c t samples o f s u f f i c i e n t depth from 
the more compacted s o i l s by t h i s means. Samples were taken by 
means o f a t r o w e l or spade t o a depth of approximately ten centimetres 
and c o l l e c t e d i n t o polythene bags- The s o i l s t r u c t u r e was preserved, 
i f p o s s i b l e . Where t h i s proved t o be too d i f f i c u l t - owing t o the 
s o i l ' s t e x t u r e , the samples were separated on s i t e i n t o the th r e e 
depths t o be examined: 0-2cm, 2-6cm and 6-10cm below the s u r f a c e , . o r 
put d i r e c t l y i n t o the p l a s t i c c o n t a i n e r s . (.See below). 
3- P r e p a r a t i o n o f S o i l f o r A n a l y s i s : 
S o i l from each o f the f i v e s i t e s was separated i n t o t o p , middle 
and bottom s o i l . Top s o i l was s o i l from the top two centi m e t r e s ; 
middle s o i l from between two and s i x centimetres below the s u r f a c e ; 
bottom s o i l from between s i x and t e n centimetres below the su r f a c e . 
The f i f t e e n s o i l s were l a i d out i n t r a y s i n the greenhouse t o 
a i r dry. When thoroughly a i r d r y ( a f t e r a t l e a s t a f o r t n i g h t ) , 
samples were taken from each t r a y by repeated spreading and q u a r t e r i n g , 
u n t i l a s u i t a b l e q u a n t i t y was obtained. 
12. 
The samples thus obtained were sieved through a 2mm mesh and 
s t o r e d , where not immediately r e q u i r e d , i n covered p l a s t i c 
c o n t a i n e r s i n the l a b o r a t o r y . Except where otherwise s t a t e d , 
these samples were used f o r a n a l y s i s and f o r c o n t r o l bioassays. 
4^ P r e p a r a t i o n o f S o i l s f o r Spraying w i t h 2,4-D: 
P l a s t i c c o n t a i n e r s , of the k i n d used f o r s e l l i n g cream i n , 
were obtained i n b u l k from Mono Containers. They were 11.5cm. deep, 
and o f 6cm. diameter a t the t o p , 5-5cm. diameter a t the base. 
Between seventy and e i g h t y p l a s t i c c o n t a i n e r s were f i l l e d t o about 
1cm. from the top w i t h s o i l from S i t e s ( 2 ) , ( 3 ) , (4J and (5J, and 
about a hundred and f o r t y f i l l e d s i m i l a r l y w i t h s o i l from 
T h r i s l i n g t o n Common S i t e ( 1 ) . Care was taken i n f i l l i n g the 
con t a i n e r s t o preserve the o r i g i n a l s o i l s t r u c t u r e as f a r as p o s s i b l e 
and not t o leave gaps a t the sides o f the c o n t a i n e r . Vegetation was 
l e f t i n t a c t where p o s s i b l e . 
S o i l s v/ere watered once a week w i t h t a p water t o approximately 
f i e l d , c a p a c i t y . The d e t e r m i n a t i o n of f i e l d c a p a c i t y i s described i n 
Section 7.2. When the greenhouse was e x c e p t i o n a l l y hot they were 
• a l s o watered more l i g h t l y i n mid-week. The only exception t o t h i s 
v/atering regime were the co n t a i n e r s used t o t r y t o compare the e f f e c t 
of s o i l water content on pe r s i s t e n c e o f 2,4-D. (See below;. 
5» Spraying w i t h 2,4-D: 
5« 1 I n i t i a l 2,4-D Persistence Experiment: 
Fresh 2,4-D s o l u t i o n was made up f o r the sp r a y i n g of a l l 
major bioassay experiments. 
A s o l u t i o n o f 100ppin 2,4-D was made up by d i s s o l v i n g 0.1g 
3 3 
2,4-D i n 1.5cur o f 100$ methanol and d i l u t i n g t o 1dnr w i t h 
3 
d i s t i l l e d water. 30cnr of t h i s s o l u t i o n was added t o t h i r t y s i x 
co n t a i n e r s o f each o f the s o i l s from s i t e s ( 2 ; , ( 3 ) , (.4) and (5)» 
and t o f o r t y c o n t a i n e r s of s o i l from s i t e U)» o n 25th June. 
13. 
The 2,4-D s o l u t i o n was added d i r e c t l y t o the s o i l surface by 
a 50cm^ s y r i n g e w i t h o u t a needle. S i x c o n t a i n e r s p a r t l y 
f i l l e d w i t h the 2,4-D s o l u t i o n but w i t h o u t s o i l were l e f t i n 
the greenhouse as c o n t r o l s . 
5.2 Comparison o f 2,4-D Persistence i n Wet and Dry S o i l s : 
Twenty-four more co n t a i n e r s o f s o i l from T h r i s l i n g t o n 
Common ( s i t e ( 1 ) ) were s i m i l a r l y sprayed w i t h 100ppm 2,4-D 
s o l u t i o n on 9"th J u l y . Twelve o f these c o n t a i n e r s had been 
watered t o approximately f i e l d c a p a c i t y before s p r a y i n g w i t h 
2,4-D and were kept near f i e l d c a p a c i t y by w a t e r i n g s e v e r a l 
times a week d u r i n g the f o u r weeks t h a t samples were taken f o r 
t e s t i n g . The remaining twelve c o n t a i n e r s had not been watered 
since 2nd J u l y and were not watered again d u r i n g the ensuing 
f o u r weeks o f the experiment. 
5.3 Second 2,4-D Persistence Experiment: 
A f u r t h e r twelve c o n t a i n e r s each o f s o i l s from s i t e s ( l ) , 
(3) and ( 5 ) , ^ T h r i s l i n g t o n Common. Wood and Peat s o i l s ) were 
sprayed w i t h JOcn? o f lOOppm 2,4-D on 23rd J u l y so t h a t c o n t r o l s 
could be i n c l u d e d w i t h each weekly bioassay. (See 6.2.3). 
5.4 T h r i s l i n g t o n Common F i e l d Experiment: 
2 
A 100m area of T h r i s l i n g t o n Common, very close t o the s i t e 
o f s o i l c o l l e c t i o n , was marked out. W i t h i n t h i s area, t e n random 
2 
100cm quadrats were marked w i t h p l a s t i c pegs on Jlst May. The 
2 
100cm quadrats were sprayed w i t h lOOppm 2,4-D a t the r a t e o f 3 2 1cm s o l u t i o n t o every cm , i n a manner s i m i l a r t o t h a t used w i t h 
s o i l i n the greenhouse. The process was repeated on 27th June 
2 2 w i t h d i f f e r e n t 100cm quadrats w i t h i n the same 100m area, and 
again on 27th J u l y . On 27th J u l y the quadrats were chosen t o l i e 
2 
approximately on a diagonal o f the 100m area, about 1m a p a r t , 
owing t o the d i f f i c u l t y o f f i n d i n g the random quadrats. 
14. 
Bioassays; 
6.1 P r e l i m i n a r y Experiments; 
6.1.1 D i f f e r e n t Species; 
Twenty 9cm p e t r i dishes were set up, w i t h a 9cm 
Wheatman's number 1 f i l t e r paper i n each. Seeds o f 
r a d i s h (Raphanus s a t i v u s ) v a r i e t y 'French B r e a k f a s t ' ; 
l e t t u c e (Latuca s a t i v a ) v a r i e t y ' A l l the Year Round'; 
cress (Lepidium s a t i v u m ) v a r i e t y 'Extra c u r l e d ' ; wheat 
( T r i t i c u m v u l / r a r e ) , and pea (Pisum sativum) were put t o 
germinate on the f i l t e r papers. Five dishes were watered 
w i t h d i s t i l l e d water as c o n t r o l s ; f i v e w i t h 1ppm 2,4-D 
s o l u t i o n ; f i v e w i t h 10ppm 2,4-D s o l u t i o n ; and f i v e w i t h 
100ppm 2,4-D s o l u t i o n . Each o f the f i v e dishes a t the 
same c o n c e n t r a t i o n contained seeds o f a d i f f e r e n t species. 
3 
A l l dishes were watered w i t h 4cm o f s o l u t i o n except those 
c o n t a i n i n g the peas which were watered w i t h 5cm^. A f t e r 
3 days,.,3-4cm d i s t i l l e d water was added t o each d i s h 
except those c o n t a i n i n g the peas, t o which 4-5cm'' were added = 
The peas)were observed over a s i x day p e r i o d t o estimate 
which species was l i k e l y t o be the best i n d i c a t o r o f 2,4-D 
co n c e n t r a t i o n . Sections o f r a d i c a l and e p i c o t y l were a l s o 
examined under the microscope t o observe the e f f e c t o f 
2,4-D on c e l l expansion and d i v i s i o n . 
These i n i t i a l observations i n d i c a t e d t h a t wheat and 
cress v/ould show the best v a r i a t i o n i n t h a t range o f 2,4-D 
co n c e n t r a t i o n . Fresh p e t r i dishes and f i l t e r papers were 
prepared. Two dishes, one c o n t a i n i n g wheat and one cress 
seeds, were set up a t each o f the f o l l o w i n g c o n c e n t r a t i o n s 
o f 2,4-D: Oppm (pure w a t e r ) , 1ppm, 2.5ppm, 5•Oppm, 7.5ppm, 
10ppm, 25ppm, 50ppm, 75ppm and 100ppm. The l e n g t h of shoot and 
r o o t was measured f o r both cress and wheat t o f i n d which gave 
the best range o f values. 
15. 
Oat (Avena s a t i v a ) seeds were obtained a few 
weeks l a t e r , b ut germinated too s l o w l y t o be o f use. 
6.1.2 Best Measurement f o r . . . Tndex; 
Having a s c e r t a i n e d t h a t wheat seemed t o g i v e the be3t 
e a s i l y measured v a r i a t i o n over the range o f c o n c e n t r a t i o n s 
r e q u i r e d , graphs were p l o t t e d o f the l e n g t h o f shoot, 
l e n g t h of r a d i c l e , and combined l e n g t h of shoot and r a d i c l e 
against; the l o g a r i t h m o f the c o n c e n t r a t i o n o f 2,4-D, t o 
estimate which measurement gave the best range of values 
and v/as the nearest t o a s t r a i g h t l i n e f i t . 
6.1.3 Comparison of Germinated w i t h Ungerminated Seeds f o r Bioassay: 
From the measurements described i n 6.1.2 i t was decided 
the shoot was the best assessment o f c o n c e n t r a t i o n , having a 
hi g h e r c o e f f i c i e n t o f c o r r e l a t i o n than the r o o t and be i n g 
e a s i e r t o measure than shoot + r o o t , which had the same 
c o e f f i c i e n t . 
Owing t o the l a r g e standard d e v i a t i o n s obtained when 
e s t i m a t i n g the mean o f shoot growth o f p r e v i o u s l y 
ungerminated seeds a t a p a r t i c u l a r c o n c e n t r a t i o n o f 2,4-D, 
seeds were germinated f o r two days p r i o r t o being placed i n 
p e t r i dishes c o n t a i n i n g s o i l from each o f the f i v e s i t e s a t 
each o f the three depths a t d i f f e r e n t c o n c e n t r a t i o n s o f 
2,4-D. The growth of these seed! over two days was 
measured and the v a r i a t i o n compared w i t h t h a t o f the growth 
of p r e v i o u s l y ungerminated seeds. 
6.1.4 Number o f Days f o r Growth; 
As p r e v i o u s l y germinated seeds d i d not show s i g n i f i c a n t l y 
l e s s v a r i a t i o n , ungerminated seeds were used i n the bioassays. 
P r e v i o u s l y ungerminated seeds were measured a f t e r two, 
th r e e and f o u r days growth i n each o f the f i f t e e n s o i l types 
a t d i f f e r e n t 2,4-D c o n c e n t r a t i o n s . 
16. 
Graphs were drawn o f shoot l e n g t h a f t e r three 
and f o u r days growth a g a i n s t the l o g a r i t h m o f 2,4-D 
c o n c e n t r a t i o n f o r each s o i l t y p e , t o a s c e r t a i n 
whether the e x t r a days growth gave s i g n i f i c a n t l y 
c l e a r e r r e s u l t s . 
6.1.5. P o s i t i o n o f P e t r i Dishes; 
Attempts were made t o set up p e t r i dishes i n a 
near v e r t i c a l p o s i t i o n . This method was suggested 
by Parker (1964) (quoted i n Audus, 1976), i n order 
t o encourage the seedlings t o grow agai n s t the cover 
o f the d i s h , thus f a c i l i t a t i n g measurement. 
6.1.6 S o i l C o n t r o l s ; 
A t h i n l a y e r o f s o i l from each o f the f i f t e e n types 
was put on f i l t e r paper i n f o u r 9cm p e t r i dishes, and 
one d i s h o f each s o i l type watered i n 15cm^ o f : 
d i s t i l l e d water, a 10 ppm s o l u t i o n of 2,4-D, a 50 ppm 
s o l u t i o n o f 2,4-D and a 100 ppm s o l u t i o n o f 2,4-D. 
• v The shoot index a t each c o n c e n t r a t i o n f o r each s o i l type 
was c a l c u l a t e d by: 
Shoot index f o r s o i l A a t c o n c e n t r a t i o n x ppm o f 2,4-D 
mean l e n g t h o f shoot o f seeds i n s o i l A a t c o n c e n t r a t i o n x 
mean l e n g t h of shoot of seeds i n s o i l A a t zero c o n c e n t r a t i o n 
Graphs were p l o t t e d of shoot index a g a i n s t 
l o g a r i t h m of c o n c e n t r a t i o n , and the best s t r a i g h t l i n e 
f i t o btained. The c o r r e l a t i o n c o e f f i c i e n t , and 
s i g n i f i c a n c e o f f i t u s i n g the Student's t t e s t were 
a l s o c a l c u l a t e d . 
17. 
6.1.7 Cucumber Seeds: 
Cucumber seeds (Cucumis s a t i v a ) have been used 
e x t e n s i v e l y i n bioassays f o r 2,4-D (Ready and Grant 1947; 
Newman,Thomas and V/alker, 1952J, and are very s e n s i t i v e 
t o low con c e n t r a t i o n s o f the h e r b i c i d e ( S l i f e e t a l T 1962). 
S i m i l a r p r e l i m i n a r y t e s t s , a s already described f o r wheat, 
were c a r r i e d out w i t h cucumber seeds measuring the r a d i c l e : 
comparison o f germinated w i t h ungerminated seeds; 
comparison o f growth over d i f f e r e n t numbers o f days; 
c o n t r o l s , i n i t i a l l y j u s t on f i l t e r papers and l a t e r on s o i l s ; 
measuring the r a d i c l e a t d i f f e r e n t c o n c e n t r a t i o n s o f 2,4-D. 
I t was hoped thereby t o assess 2,4-D co n c e n t r a t i o n s below 
lOppm, below which wheat seeds showed l i t t l e , i f any, 
i n h i b i t i o n i n growth.. 
However, owing t o problems w i t h supply ( t h e i n i t i a l 
s u p p l i e r s r e c a l l e d t h e i r seeds) and the cost o f l a r g e 
q u a n t i t i e s o f seeds, cucumber seeds were e v e n t u a l l y used 
on l y o c c a s i o n a l l y as an a d d i t i o n a l p o s s i b l e check f o r t r a c e s 
o f 2,4-D t o which the wheat seeds might no long e r be 
responding. I n a n a l y s i n g the r e s u l t s , i t was decided t h a t 
these measurements were too v a r i a b l e t o warrant c o n s i d e r a t i o n 




6.2.1 I n i t i a l Bioassays: 
Weekly bioassays were made o f the c o n c e n t r a t i o n o f 
2,4-D remaining i n the s o i l s i n the c o n t a i n e r s , the f i r s t 
bioassay b e i n g s t a r t e d a few hours a f t e r the s o i l s were 
sprayed on 25th June. I t was thus hoped t o o b t a i n an 
estimate o f the e q u i v a l e n t c o n c e n t r a t i o n o f 2,4-D remaining 
a c t i v e i n the s o i l s a t weekly i n t e r v a l s , and t o thereby 
compare the r a t e o f degradation o f 2,4-D i n each s o i l 
and the number o f weeks r e q u i r e d f o r i t t o become i n a c t i v e . 
I t was a l s o hoped t o look a t v e r t i c a l movement o f 2,4-D i n 
the s o i l . Three cont a i n e r s were taken a t random from the 
co n t a i n e r s o f each s o i l t y p e. The s o i l i n each c o n t a i n e r 
was d i v i d e d i n t o t o p , middle and bottom s o i l (as described 
p r e v i o u s l y ) . S o i l from each o f these three d i v i s i o n s was 
put onto a f i l t e r paper i n a 9cm p e t r i d i s h , so as t o form 
a t h i n l a y e r . Large pieces o f v e g e t a t i o n and stones were 
removed, and the s o i l crumbled i f lumpy. Thus there were 
three r e p l i c a t e p e t r i dishes f o r each o f the f i f t e e n s o i l 
types. Five wheat and, where used, t h r e e cucumber seeds 
were placed on the s o i l s ( t h e cucumber seeds embedded 
sideways i n the s o i l ) i n each d i s h . Each d i s h was watered 
w i t h s u f f i c i e n t d i s t i l l e d water t o b r i n g i t t o about f i e l d 
c a p a c i t y , where i t was not already so. The dishes were 
l e f t covered f o r three days and placed h o r i z o n t a l l y i n the 
l a b o r a t o r y where i t was thought c o n d i t i o n s would be l e s s 
v a r i a b l e than i n the greenhouse. Occasionally a d i s h was 
rewatered d u r i n g the three days where i t had d r i e d out 
s i g n i f i c a n t l y , but normally t h i s was not necessary. . 
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A f t e r three days seeds were removed and the l e n g t h o f 
shoot measured and recorded. The mean and standard 
d e v i a t i o n o f shoot l e n g t h f o r each s o i l type was assessed. 
Shoot i n d i c e s were a l s o assessed u s i n g the o r i g i n a l 
c o n t r o l s , and the means and standard d e v i a t i o n s c a l c u l a t e d . 
This was continued f o r seven weeks, e i g h t bioassays being 
made i n a l l . For three weeks ( s t a r t i n g on 25th June), 
u n t i l ^ i t evaporated, bioassays were a l s o made on the s o l u t i o n 
l e f t i n s i x c o n t a i n e r s i n the greenhouse. (See 5'1J« 
6.2.2 Bioassays Comparing Wet and Dry S o i l s : 
S i m i l a r weekly bioassays were performed f o r f o u r weeks 
s t a r t i n g on J u l y 9th on the twenty f o u r c o n t a i n e r s o f s o i l 
from s i t e (1) sprayed on 9th J u l y . I t was hoped t o thus 
compare persistence and r a t e o f breakdown o f 2,4-D i n wet 
and dry s o i l s . I t was thought t h a t d i f f e r e n c e s i n w a t e r i n g 
might p a r t l y e x p l a i n the v a r i a t i o n between bioassays from 
d i f f e r e n t c o n t a i n e r s s i n c e , owing t o the s i z e o f the i n i t i a l 
experiment, i t was impossible t o a c c u r a t e l y measure the 
water given t o each c o n t a i n e r . The two w a t e r i n g regimes i n 
t h i s experiment thus presented extremes: very d i f f e r e n t , 
not o n l y from each o t h e r , but a l s o from the w a t e r i n g o f the 
i n i t i a l experiment. 
6.2.3 Second Bioassays: 
Owing t o the d i f f i c u l t i e s o f s e t t i n g up so many dishes 
and t a k i n g so many measurements a t once, weekly c o n t r o l 
bioassays i n uncontaminated s o i l were not set up on 25th June. 
However, weekly v a r i a t i o n i n bioassay r e s u l t s i n the f i r s t 
f o u r weeks was so gre a t t h a t i t was decided c o n t r o l s were 
necessary t o t r y t o check whether v a r i a t i o n s were caused by 
changes i n 2.4-D taken up by the seeds or by changes i n 
l a b o r a t o r y c o n d i t i o n s . 
20. 
On 23rd J u l y , and f o r the ensuing f o u r weeks, c o n t r o l s 
were i n c l u d e d and bioassays were a l s o made of the nine 
s o i l types sprayed on 23rd J u l y . (See 5'3 above). 
Thus, 23rd J u l y was the s t a r t o f the f i r s t bioassay 
(week 0) on the newly sprayed s o i l from s i t e s ( 1 J , (3) 
and ( 5 ) , and o f the f i f t h bioassay o f the s o i l s sprayed 
on 25th June. The same c o n t r o l s could be used f o r each 
t o estimate shoot i n d i c e s f o r week 0 and week 5* 
6.2.4 T h r i s l i n g t o n Common F i e l d Experiment: 
Weekly bioassays on sprayed quadrats and on c o n t r o l s 
(unsprayed samples from w i t h i n the 100m s i t e ) from 
T h r i s l i n g t o n Common (see 5^4) were made f o r f o u r weeks, 
or u n t i l 2,4-D had v i r t u a l l y disappeared, a f t e r the two 
i n i t i a l sprayings (31st May and 27th June),and f o r two 
weeks a f t e r the f i n a l s p r a y i n g (27th J u l y ) . However, 
the assays made i n June were not c o n s i s t e n t w i t h the o t h e r 
experiments. As the method o f bioassay had n o t been 
f i n a l i s e d i t i s only p o s s i b l e t o compare sprayed w i t h 
unsprayed samples. S o i l f o r the bioassay was taken from 
the t o p f o u r c e n t i m e t r e s . 
This experiment was set up merely t o look f o r d r a s t i c 
d i f f e r e n c e s i n pe r s i s t e n c e of 2,4-D between greenhouse 
(undrained) c o n d i t i o n s and f i e l d c o n d i t i o n s . There was 
no attempt t o o b t a i n accurate measxirements o f c o n c e n t r a t i o n , 
nor t o compare d i f f e r e n t depths. 
21. 
S o i l Analyses; (See Appendix f o r d e t a i l s o f r e a g e n t s ) . 
7.1 j£H: 
The pH o f each s o i l type was measured u s i n g the pH metre 
i n the Geography S o i l Laboratory. Two measurements were made 
f o r each s o i l type ^Hesse, 1971;Soil Laboratory Handbook): 20g o f 
s o i l was made i n t o a paste^, and I0g o f s o i l was s t i r r e d w i t h 
10cm^ d i s t i l l e d water; both paste and suspension were allowed 
t o stand f o r an hour before measuring pH. 
7.2 F i e l d Capacity; 
F i e l d c a p a c i t y was measured f o r s o i l from each s i t e taken 
as a whole and not separated i n t o t o p , middle and bottom. 
Glass beakers were weighed empty. They were then p a r t l y f i l l e d 
w i t h s o i l . Water was s l o w l y added t o the s o i l i n each p o t , 
s t i r r i n g c o n t i n u o u s l y w i t h a glass r o d , u n t i l f i e l d c a p a c i t y was 
thought t o have been' reached'.' A f t e r , weighing, the beakers were p i 
the oven a t 105°C f o r 26 h r s t o a l l o w the s o i l t o d ry thor o u g h l y , 
then reweighed. At l e a s t two r e s u l t s were obtained f o r each 
s o i l t o o b t a i n ( a mean, and g i v i n g a c o e f f i c i e n t / j o f variance o f 
l e s s than 4%. 
7*3 Organic Carbon; (Hesse ,1971, Fundamentals o f S o i l Science, 
Laboratory Handbook). 
7.3.1 Walkley-Black Wet Ox i d a t i o n ; 
This was measured by the Walkley-Black method o f wet 
o x i d a t i o n f o r s o i l s from s i t e s ( 1 ) , ( 2 ) , (3) and ( 4 ) . 
About .5g o f .15mm s o i l was weighed and put i n t o a 500ml 
c o n i c a l f l a s k . 10cm^ o f .17 potassium dichromate was 
added as o x i d i s i n g agent and the f l a s k s w i r l e d t o mix 
thoroughly.20cm^ o f concentrated s u l p h u r i c a c i d was added 
q u i c k l y i n a fume cupboard and the mixture again s w i r l e d . 
A f t e r l e a v i n g the f l a s k t o stand f o r t h i r t y minutes, 
200cm^ o f d i s t i l l e d water and 10cm^ o f concentrated '0' 
phosphoric a c i d were added. 
22. 
When the mixture had cooled 15 drops o f barium 
diphenylamine oulphonate i n d i c a t o r were added and tho 
s o l u t i o n t i t r a t e d a g a i n s t . 5M ammonium f e r r o u s sulphate 
u n t i l t he colo u r changed from dark blue t o c l e a r green. 
The method was repeated w i t h o u t s o i l t o standardise the 
ammonium f e r r o u s sulphate. 
7.3.2 L o s s - o n - i g n i t i o n ; 
Organic carbon o f the peat s o i l s was measured by 
l o s s - o n - i g n i t i o n and B a l l ' s r e g r e s s i o n ( B a l l , 1964). 
A i r - d r y s o i l was l e f t a t 110°C f o r two days t o d r i v e 
o f f water. A q u a n t i t y was then immediately weighed, put 
i n t o a s i l i c a dish,and placed i n a m u f f l e furnace a t 375°C 
f o r 16 h r s . I t was removed from the furnace, placed i n a 
d e s s i c a t o r t o c o o l , then reweighed. The percentage l o s s -
o n - i g n i t i o n , by weight, was c a l c u l a t e d and the organic 
carbon content obtained u s i n g B a l l ' s r e g r e s s i o n . 
P a r t i c l e A n a l y s i s : (Methods o f T e s t i n g S o i l s f o r C i v i l Engineering 
Purposes, 1967). 
This was done by the p i p e t t e method. 
A q u a n t i t y o f the s o i l t o be analysed (between 12 and 30g) 
was a c c u r a t e l y weighed t o .001g. The s o i l was put i n a 500cm^ 
c o n i c a l f l a s k and 50cm^ d i s t i l l e d water added. I t was b o i l e d t o 
approximately 40cm^. When c o o l , 75cm^. o f hydrogen peroxide 
(20 volume s o l u t i o n ) was added t o d e s t r o y organic matter. The 
mixt u r e was covered and l e f t o v e r n i g h t . I t was then g e n t l y 
heated, care being taken t o avoid f r o t h i n g over, and f r e q u e n t l y 
s w i r l e d . When most o f the f r o t h i n g had subsided, i t was reduced 
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t o 30cm by b o i l i n g . The mix t u r e was f i l t e r e d u s i n g a Buchner 
f u n n e l . The s o i l was t r a n s f e r r e d , u s i n g j e t s o f d i s t i l l e d water, 
from the f i l t e r paper and sides o f the fu n n e l t o a weighed 
evapo r a t i n g d i s h . I t was d r i e d t h o r o u g h l y a t 105-110°C and 
reweighed. 
23. 
The s o i l was dispersed u s i n g 25ml o f sodium 
hexametaphosphate s o l u t i o n and 25ml o f d i s t i l l e d water. 
The mixture was s t i r r e d w i t h a rubber policeman, then put 
back i n the oven t o warm g e n t l y f o r t e n minutes. I t was 
t r a n s f e r r e d w i t h a j e t o f d i s t i l l e d water i n t o a d i s p e r s i o n 
cup and mixed mechanically f o r t e n minutes. The suspension 
was f i l t e r e d through a number 200 ^75 micron) BS t e s t s i e v e , 
and washed through w i t h d i s t i l l e d water, care being taken not 
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t o use more than 150cm o f water. The suspension was 
t r a n s f e r r e d t o a graduated sedimentation tube and made up t o 
500cm^ w i t h d i s t i l l e d water. The m a t e r i a l r e t a i n e d on the 
sieve was d r i e d a t 105-110°C then r e s i e v e d u s i n g sieves numbers 
25 (600 m i c r o n s ) , 72 (210 microns) and 200 ^75 m i c r o n s ) . The 
m a t e r i a l r e t a i n e d on each sieve was v/eighed. 
The sedimentation tubes c o n t a i n i n g the s o i l s were put i n a 
constant temperature water bath and rubber bungs i n s e r t e d . 
They were l e f t t o acquire the temperature o f the b a t h . They 
were then shaken t h o r o u g h l y , a stop-watch being s t a r t e d a t the 
same time as the f i r s t tube was shaken. 
Three p i p e t t i n g s were taken from each tube; the f i r s t a t 
4m5s, the second a t 46m, and the t h i r d a t 6h45m a f t e r s t a r t i n g 
the stop-watch. The p i p e t t i n g s were made by clamping the 
p i p e t t e so t h a t i t was j u s t above the surface o f the suspension, 
then very g e n t l y l o w e r i n g i t u n t i l i t was the r e q u i s i t e depth 
below the surface,, and reclamping. The suspension was drawn i n t o 
the p i p e t t e by opening the a p p r o p r i a t e t a p , which was then closed, 
and the p i p e t t e g e n t l y removed. Thus the suspension was 
d i s t u r b e d as l i t t l e as p o s s i b l e . The contents of the p i p e t t e 
were put i n a weighing b o t t l e and any suspension l e f t on the w a l l s 
o f the p i p e t t e washed down w i t h a s m a l l amount o f d i s t i l l e d water. 
24. 
The weighing b o t t l e and contents were d r i e d a t 105°-110°C 
then weighed t o the nearest .001g so t h a t the weight o f s o l i d 
m a t e r i a l f o r each p i p e t t i n g o f each sample could be determined. 
The weight o f s o l i d m a t e r i a l i n a p i p e t t e d sample from a 
tube c o n t a i n i n g 25cm^ sodium hexametaphosphate, and made up t o 
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500cnr w i t h d i s t i l l e d water,had been pre-determined. 
Caltion Exchange Capacity: 
Bascombs' method was used as t h i s i s s u i t a b l e f o r a l l s o i l 
types. 
1g o f s o i l was weighed and put i n t o a 50cm^ c e n t r i f u g e tube, 
sealed and weighed. The s o i l s from T h r i s l i n g t o n Common, being 
calcareous, were p r e t r e a t e d by shaking w i t h b u f f e r e d barium 
c h l o r i d e f o r an hour, c e n t r i f u g i n g f o r about q u a r t e r o f an hour 
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and d i s c a r d i n g the supernatant. 40cm b u f f e r e d barium c h l o r i d e 
was then added t o a l l the s o i l s and they were l e f t o v e r n i g h t , 
c e n t r i f u g e d , and the supernatant discarded. 40cm^ d i s t i l l e d 
water was added, the tubes shaken t h o r o u g h l y , c e n t r i f u g e d , and the 
l i q u i d again discarded. The tube, s o i l and s e a l were again 
weighed, 20cm^ magnesium sulphate s o l u t i o n was p i p e t t e d i n t o the 
tube, shaken f o r two hours, c e n t r i f u g e d , and the l i q u i d 
t r a n s f e r r e d t o a f l a s k and sealed. 
6 drops o f 2M ammonium hydroxide were added t o 5cm^ o f t h i s 
l i q u i d , 2 drops o f catechol v i o l e t i n d i c a t o r added, and t h i s 
t i t r a t e d w i t h EDTA s o l u t i o n u n t i l the c o l o u r changed from blue t o 
red d i s h v i o l e t . 5cm^ o f the magnesium sulphate s o l u t i o n was 
s i m i l a r l y t i t r a t e d for a blank d e t e r m i n a t i o n . 
25. 
7.6 Total Nitrogen: (See section 8) (.Laboratory handbook). 
This method i s a modification of Kjeldahl's method (1883). 
5g of s o i l were weighed and placed i n a Kjeldahl f l a s k . 
10 potassium sulphate-selenium catalyst t a b l e t s were added, to 
increase the temperature of the reaction and therefore the speed 
of oxidation, followed by 25cnr of d i s t i l l e d water. The 
mixture was swirled and 30cm^ concentrated sulphuric acid was 
added as o x i d i s i n g agent. The f l a s k was heated gently on a 
digestion rack u n t i l i t changed to a greenish colour. This 
took about two hours. The f l a s k was cooled and the contents 
washed i n t o a 250cm^ conical f l a s k with d i s t i l l e d water and 
di l u t e d to 250cm^ with d i s t i l l e d water. 
A Markham apparatus was used to d i s t i l . , 10cm^ of t h i s 
3 3 s o l u t i o n and 10cm of 405$ sodium hydroxide i n t o 10cnr boric 
acid and mixed i n d i c a t o r , which turned from red to blue. 
When about 30cm^ of d i s t i l l a t e had been collected, i t was 
t i t r a t e d against .02MHC1 u n t i l the colour changed to red. 
26. 
1tj Total Exchangeable Bases; (Hesse '71, Laboratory Handbook). 
Metson's method was used. 
So i l was extracted by leaching with neutral 1M ammonium 
acetate solution. A plug of absorbent cotton wool was put 
at the bottom of a leaching tube, the s o i l placed on top of i t 
and compacted and another plug of cotton wool positioned on top 
of the s o i l . A volumetric f l a s k containing the ammonium acetate 
was inverted over the tube with i t s neck inserted i n t o the tube. 
The leachate was collected i n a conical f l a s k . 5f? of s o i l were 
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leached with 250cm ammonium acetate, and the leachate made up 
to 250cm^ with ammonium acetate so l u t i o n . A blank, without s o i l , 
was also included. 
A 25cm^ a l i q u o t of each leachate was evaporated t o near 
dryness i n a glass beaker, then transferred to a small silioA*-. 
basin, using a j e t of d i s t i l l e d water, and evaporated t o dryness 
c a r e f u l l y on an e l e c t r i c hotplate. When completely dry, i t was 
heated i n a muffle furnace at 500^0 f o r an hour. 5cm of ,2M 
hydrochloric acid was added, and the residue suspended by s t i r r i n g 
with a glass rod. i t was digested on a water-bath f o r t h i r t y 
minutes then t i t r a t e d against ,1M ammonium hydroxide s o l u t i o n . 
5 drops of methyl orange i n d i c a t o r were used. 
7-8 Exchangeable Calcium and Magnesium: 
The leachate collected as described i n section 7«7 was used 
to obtain one set of values (Laboratory handbook), and the f i n a l 
t i t r a t e d solution from 7.7 f o r another (Hesse,171; f o r comparison. 
4cm^ of the solution to be used were taken and 6 drops of lanthium 
chloride added. Calcium and magnesium were measured using the 
PERKIN-ELMER 403 absorption spectrophotometer. 
27. 
8. Effect of 2.4-D on Nitrogen Content of S o i l ; 
Using the method described i n 7.6, s o i l from the top, middle 
and bottom sections of T h r i s l i n g t o n Common was analysed f o r 
nitrogen content: unsprayed, three days a f t e r spraying, and ten 
days a f t e r spraying with 2,4-D. S o i l to be analysed was dried at 
about 105°C overnight, sieved through a 1mm mesh ^approx ) sieve, 
and 5g were weighed out f o r analysis. 
9. Radiochemical Analysis; 
A so l u t i o n of 100ppm unlabelled 2,4-D was made up as usual. 
•5cm^  of 2,4-D 1^C, labelled i n the chain, was added. The radioactive 
2,4-D added had a speci f i c a c t i v i t y of 50 u Ci/CM**. 
A t h i n layer of top s o i l from T h r i s l i n g t o n Common was put on two 
20cm glass p e t r i dishes, and a t h i n layer of top s o i l from the peat put 
on two others. Enough of the d i l u t e d radioactive 2,4-D solution was 
added and mixed wi t h the s o i l to moisten the s o i l t o f i e l d capacity 
( t h i s involved adding 22cm^ of the solution to the s o i l from T h r i s l i n g t o n 
and IScm^to the peat,1. F i f t y l i v e , but ungerminated wheat seeds were 
placed on one di3h of each soil,and f i f t y wheat seeds previously k i l l e d 
by keeping at 90UC f o r 24hrs were placed on each of the remaining dishes 
Two seeds were removed from each dish at i n t e r v a l s over the next 
three days. On removal they were washed i n d i s t i l l e d water, dri e d , put 
i n v i a l s and the v i a l s immediately put at -20°C and kept there u n t i l 
crushed and mixed wi t h s c i n t i l l a t i o n f l u i d . The experiment was 
started at 12.00 hrs on the 13th August. Seeds were removed a t : 1230, 
1300, 1330, 1400, 1430, 1500, 1530, 1600, 1800, 2000, 2200, 2400hrs. on 
the 13th August; at 0400, 1000, 1600, 2400hrs. on the 14th August; at 
1000 and 2200 on the 15th August; a t 1000 on the 16th August. 
One or two days a f t e r removal from the radioactive s o i l , the seeds 
were taken from cold storage and the two seeds from each v i a l crushed 
3 3 with .4 - 1.0cm d i s t i l l e d water and 10cm s c i n t i l l a t i o n f l u i d added. 
28. 
Control samples of each s o i l type were also taken and 10cm 
s c i n t i l l a t i o n f l u i d added to each. 
Additional samples of each s o i l type were taken and shaken f o r 
approximately two minutes with d i s t i l l e d water and centrifuged. 
1cm^ of the wash from each tube was put i n a s c i n t i l l a t i o n v i a l and 
10cm^ of s c i n t i l l a t i o n f l u i d added. The s o i l l e f t a f t e r the 
supernatant l i q u i d had been removed was washed i n t o a s c i n t i l l a t i o n 
v i a l using approximately 1ml of d i s t i l l e d water and 10ml of 
s c i n t i l l a t i o n f l u i d . I t was thus hoped to compare 2,4-D leached 
out by the water, and 2,4-D retained i n the s o i l . 
Two germinated seeds (shoot approximately .5cm) were taken from 
the Thrislington Common s o i l , washed, drie d , crushed with . 5cm^ water 
and 10cm^ s c i n t i l l a t i o n f l u i d added. Two s i m i l a r l y germinated seeds 
were shaken f o r ten minutes with 10cm^ d i s t i l l e d water, then treated 
as above, and another two shaken f o r t h i r t y minutes with 1Qcm^  
d i s t i l l e d water before being prepared f o r s c i n t i l l a t i o n counting. 
I t was thus hoped to look at the amount of 2,4-D removed by washing. 
Counts per minute were made on a Beckman LS-200B s c i n t i l l a t i o n 
counter. The contents of each v i a l were counted f o r f i v e minutes, 
and every v i a l was counted twice to check there were no large 
discrepancies i n readings. 
Analysis of Results; 
Where appropriate, the calculation of means and standard deviations 
of bioassay data, shoot indices and 2,4-D concentrations from bioassays, 
and the p l o t t i n g of graphs f o r bioassay controls and data and f o r the 
radiochemical experiments were done using the NUFA.C computer system. 
This involved use of SPSS,GHOST routines, the DUBH: CURVEFIT routine 
and programming i n Fortran. 
29. 
Symbols used i n Results and Appendices; 
In a l l graphs, except those of uptake of radioactive 2,4-D by 
wheat seeds, d i f f e r e n t symbols f o r points on the graph represent s o i l s 
from d i f f e r e n t depths. 
£± represents s o i l from the bottom depth. 
V represents s o i l from the middle depth. 
• represents s o i l from the top 2cm. 
I n graphs of uptake of radioactive 2,4-D: 
A represents seeds on s o i l from T h r i s l i n g t o n Common. 
V represents seeds on peat s o i l . 
CHAPTER 3: RESULTS 
1. So i l properties; 
pH Values; (table 1) 
There i s a wide range of pH values between the s o i l s from 
d i f f e r e n t s i t e s , but not between s o i l s from the same s i t e at 
d i f f e r e n t depths. The peat, as expected, has a much lower pH 
than the other four. Looking at the res u l t s with the s o i l s 
suspended i n water, the t u r f , wood and loam s o i l s are on the acid 
side of ne u t r a l , and Thrislington Common i s s l i g h t l y a l k a l i . 
Some a u t h o r i t i e s recommend taking pH values of the s o i l made i n t o 
a paste w i t h potassium chloride, to standardize s a l t e f f e c t s 
(Hesse, 1971). The res u l t s obtained by t h i s method are included 
f o r comparison. 
TABLE 1: 31-
pH Values Results 
Site S o i l Depth 
pH of 10g of s o i l 
i n 10cm of water 
pH of paste of 




Bottom 7.7 6.7 
Middle 7.5 6.6 
Top 7.6 6.7 
Turf 
Bottom 6.0 5.1 
Middle 6.0 5.0 
Top 5-8 5-1 
Wood 
Bottom 6,3 5.2 
Middle 6.1 5.0 
Top 6.2 5-4 
Loam 
Bottom 6.4 5.5 
Middle 6.6 5-9 
Top 6.& 6.0 
Peat 
Bottom 3.6 2.4 
Middle 3-4 2.4 
Top 3-5 2.5 
TABLE 2; 
Field Capacity Results 
32. 
S o i l type 
io of water held at f i e l d capacity Coefficient 
of variance * mean standard deviation 
Thrislington Common 69.3 .14 .2 
Turf 70.7 .14 .2 
Wood 58.3 1.06 1.8 
Loam 48.8 1.56 3.2 
Peat 254.8 .42 .2 
Organic Carbon: (TABLE 3) 
There i s an increase i n organic carbon from bottom s o i l through to top 
s o i l , as would be expected. The top s o i l from T h r i s l i n g t o n Common and the 
t u r f may have given s l i g h t l y higher r e s u l t s than they should due to pieces of 
grass which were not separated from the s o i l by 2mm sieving. The res u l t s 
f o r peat may not be d i r e c t l y comparable to the other 'soils, as they were 
calculated by a d i f f e r e n t method. There was generally more v a r i a t i o n 
between bottom and top s o i l s from one s i t e than between s o i l s of d i f f e r e n t types. 
Ball's regression (1964) f o r loss-on-ignition was based on studies of over 
a hundred s o i l s of d i f f e r i n g organic content, and although i t may not be 
suitable f o r application to very d i f f e r e n t s o i l s (Hesse, 1971), the soils, 
studied here should be s u f f i c i e n t l y s i m i l a r . 
TABLE 3: 
Organic Carbon Results: 
Results f o r Thrislington Common, Turf, Wood and Loam calculated 
by Walkley-Black method. Results f o r Peat calculated from loss-on-









T h r i s l i n g t o n Common 
Bottom 2.94 3.91 
T h r i s l i n g t o n Common 
Middle 3-25 4.32 
T h r i s l i n g t o n Common 
Top 4.40 5-85 
Turf - Bottom 2.37 3.15 
Turf - Middle 3.64 4-84 
Turf - Top 4.30 5.72 
Wood - Bottom 2.50 3.33 
Wood - Middle 2.60 3.46 
Wood - Top 3.50 4.66 
Loam - Bottom. 2.35 . 3-13 
Loam - Middle 2.31 3.07 
Loam - Top 2.70 3.59 
Peat - Bottom 7.60 
Peat - Middle 24.63 
Peat - Top 37.87 
I t was not possible to obtain any res u l t s 
f o r the peat s o i l s by the Walkley-Black method 
as the t i t r a t i o n could not be seen to reach an 
end point. 
TABLE 4: 
Soi l P a r t i c l e Analysis: (Results corrected to one decimal place). 
SAND FRACTIONS SILT FRACTIONS 





(e on 72 
0.6-0.21mm C 








T h r i s l i n g t o n 
Common:Bottom 15.8 26.5 15.7 34.3 5T3 0 
T h r i s l i n g t o n 
Common:Middle 5-8 27.1 19.8 37.5 3-9 2.7 
T h r i s l i n g t o n 
Common:Top wo r c s u i x s 
Turf:Bottom 3-4 9.1 16.9 43.2 6.3 1.6 
Turf: toddle 5.6 10.4 17.3 42.7 3.4 3.0 
Turf: Top 1.9 33.4 • 3 42.1 5.6 2.6 
Wood:Bottom 3.9 8.5 17.3 33-5 12.5 7.1 
Wood:Middle 4.1 7.5 17.4 46.4 6.7 2.7 
Wood:Top 2.3 26.4 . 0.0 42.0 7.2 .5.2 
Loam:Bottom 6.2 13.2 23.2 35.9 7.0 3.4 
Loam:Middle 6.6 20.4 31.6 27.5 2.9 4.8 
Loam:Top 5-4 18.7 33.7 27.7 2.9 4.7 





t o t a l 
percentage 
SILT 
t o t a l 
percentage 
Thri3lington 
Common:Bottom 2.5 58 39-5 
T h r i s l i n g t o n 
Common:Middle 3:3 52.7 44.0 
T h r i s l i n g t o n 
Common:Top • No results -
Turf:Bottom 19.6 29.4 51.0 
Turf:Middle 17.5 33-3 49-2 
Turf:Top 14.2 35.6 50.2 
Wood:Bottom 17.3 29.7 53-0 
Wood .-Middle 15.2 29.0 55.8 
Wood:Top 16.9 28.7 54.4 
Loam:Bottom 11.1 42.6 46.3 
Loam:Middle 6.1 58.6 35.3 
Loam:Top 6.8 57-4 35.8 
S o i l P a r t i c l e Analysis; (Table 4) 
The results f o r coarse s i l t are un r e a l . i s t i c a l l y high. They 
take i n t o account any s o i l l o s t i n the analysis, since they are 
calculated by subtraction of the other r e s u l t s from 100^*.. The 
organic matter was not completely destroyed i n some of the s o i l s by 
the pretreatment, and the f i n e p a r t i c l e s were not always completely 
dispersed, so t h i s might account f o r some of the er r o r . However, 
i t i s f e l t that i n spite of these inaccuracies, the res u l t s did give 
a good estimation of the differences between the s o i l s . 
T h r i s l i n g t o n Common and loam s o i l s showed s i m i l a r proportions 
of sand, s i l t and clay, as did the wood and t u r f s o i l s . 
The peat s o i l was not analyzed f o r p a r t i c l e size, as i t was 




Cation Exchange Capacity Results 
S o i l Type Cation Exchange Capacity IC.E.C. 
i n m.e./100g s o i l 
T h r i s l i n g t o n Common "bottom 40.56 . 
T h r i s l i n g t o n Common middle 50.72 
Thrislington Common top 34-4 
Turf bottom 29.36 
Turf middle 26.08 
Turf top 30.8 
Wood bottom 24.96 
Wood middle 25.36 
Wood top 27.28 
Loam bottom 23.6 
Loam middle 24.48 
Loam top No r e s u l t s 
Peat bottom 37.84 
Peat middle 19.44 
Peat top 34.32 
There i s an unexpectedly wide v a r i a t i o n between the bottom and middle 
s o i l s of Thris l i n g t o n Common, and the middle and peat s o i l and the peat from 
the top and bottom, and i t seems l i k e l y that the middle peat r e s u l t , at le a s t , 
i s i n v a l i d . There was d i f f i c u l t y i n ce n t r i f u g i n g the top and middle s o i l s 
from the peat, as these were very l i g h t , and i t was impossible not to throw 
a small amount out with the wash. This might p a r t l y account f o r the strange 
r e s u l t . The high values f o r the top and bottom peat s o i l s are presumably 
accounted f o r largely by exchangeable hydrogen, whereas Thri s l i n g t o n Common 
i s high i n minerals ^see results f o r exchangeable calcium and magnesium). 
There i s no marked pattern from bottom through to top, except f o r the wood, 
and possibly the loam, s o i l s . 
TABLE 6: 
57. 
Total Exchangeable Bases 
Soi l Type Total Exchangeable Bases i n me/lOOg s o i l 
T hrislington Common Bottom 44 
T h r i s l i n g t o n Common. Middle 32 
Thrislington Common Top 28 
Turf Bottom * 2 
Turf Middle 0 
Turf Top 44 
Wood Bottom 20 
Wood Middle 30 
Wood Top 22 
Loam Bottom 2 
Loam Middle 2 
Loam Top 4 
Peat Bottom 20 
Peat Middle 0 
Peat Top A £. 
Total Exchangeable Bases: (l able 6} 
The r e s u l t s obtained are very e r r a t i c , and possible explanations 
are discussed i n Chapter 4. 
TABLE 7; 5 8 , 
Exchangeable Calcium and Magnesium Results 
Results from leachate (see methods) 
Soil Type Calcium Magnesium ppm r n.e./100g ppm m.e./100g 
Thrisl i n g t o n Common Bottom 82 10.25 21.2 4-5 
Thrislington Common Middle 85 10.63 16.9 3-5 
Thrislington Common Top 96 12.00 18.9 4.0 
Turf Bottom . 54 6.75 5-6 1.2 
Turf Middle 57 7.13 5.8 1.2 
Turf Top 64 8.00 7-3 1.5 
Wood Bottom 46 5-75 4-5 .9 
Wood Middle 47 5.88 4.9 1.0 
Wood Top 55 6.88 6.2 1.3 
Loam Bottom 68 8.50 2.7 .6 
Loam Middle 62 7.75 2.5 .5 
Loam Top 63 7.88 2.8 .6 
Peat Bottom 5 .63 0.7 .1 
Peat . Middle 9 1.13 1.9 .4 
Peat Top 27 3-38 5-5 1.2 
Exchangeable Calcium and Magnesium: (Table 7) 
Exchangeable calcium generally increases from the bottom s o i l through 
to the top. T h r i s l i n g t o n Common has the highest values, then the loam s o i l , 
t u r f , wood with the peat by f a r the lowest. This follows the order of pH 
values (from high to low) except that the positions of the t u r f and wood are 
reversed. 
Magnesium i s also higher generally i n the top s o i l , except f o r T h r i s l i n g t 
Common where the bottom s o i l has the highest values. As would be expected, 
Thrislington Common, on the magnesium limestone, has much higher 
concentrations of magnesium than any of the other s o i l s . 
39. 
TABLE 8: 
Nitrogen Determinations Results 
S o i l Treatment So i l depth 








2,4-D less than 
1 week before 
nitrogen analysis 
Sprayed with 2,4-D 







































Nitrogen: (Table 8) 
This table shows any differences found between nitrogen content 
of controls (based on three samples); nitrogen content of s o i l three days 
a f t e r spraying with 100p.p.m. 2,4-D (based on two samples); and nitrogen 
content ten or eleven days a f t e r spraying (average of two samples). 
TABLE 9: 
Preliminary experiments f o r Bioassays 
Comparison of s u i t a b i l i t y of measurements of shoot, root and shoot + 
root as indicators of 2,4-D concentration. 
Best s t r a i g h t l i n e f i t s of p l o t t i n g logarithm of 2,4-D concentration 
from 1ppm to 100ppm along x-axis, and length i n cm. of relevant 
measurement along y-axis. 
' Measurement taken f o r 
y-axis Slope y-intercept 
Correlation 
c o e f f i c i e n t 
Shoot length i n cm. -1.1 5.1 -.95 
Root length i n cm. -.57 • 95 -.89 
Shoot + root length -1.5 4.1 -.93 
i n cm. 
Examination of sections of pea shoot and root under the microscope 
a f t e r one weeks growth i n a solution of 100p.p.m. 2,4-D showed expansion 
of the stele and p i t h . 
Fiates 1 - 4 show the e f f e c t of 2,4-D on wheat roots a f t e r 
ungerminated wheat seeds had been grown f o r three days i n a 100p.p,m. 
solution of 2,4-D. Although the stele appears to have remained i n t a c t , 
the c e l l s of the cortex are very broken and structure has been l o s t . 
Preliminary Experiments for Bioaaaays; 
Lettuce, radish, pea, cress and wheat seeds were examined for 
growth at d i f f e r e n t concentrations of 2,4-D up to 100p.p.m. Only 
cress and wheat showed a suitable pattern of decrease i n growth with 
increase i n concentration. In a more detailed comparison of growth 
of cress and wheat seeds at d i f f e r e n t concentrations, the wheat 
proved a more s u i t a b l e assay, since the cress was too s e n s i t i v e to 
the herbicide at these concentrations, and i t s growth at concentrations 
above 2.5p.p.m. was so s l i g h t that differences could not e a s i l y be 
measured. 
The c o r r e l a t i o n c o e f f i c i e n t s shown i n Table 9 show that the 
measurement of shoot or of shoot and root give a better s t r a i g h t l i n e 
f i t when plotted against logarithm of 2,41-D concentrations between 
1 and "lOOp.p.m. than does the root. Since i t was quicker to measure 
the shoot alone, t h i s was chosert for the measurement. 
The comparison of germinated with ungerminated wheat seeds showed 
that, there was no l e s s v a r i a t i o n i n the measurements of growth i n 
previously germinated seeds (see Table 26). 
In examining the growth of ungerminated wheatseeds over two, three 
and four days, i t was decided that two days did not allow enough time 
for growth, but that the r e s u l t s a f t e r three days were as c l e a r and easy 
to measure as a f t e r four (see Figures 1 - 5 ) * 
I t was decided that i t was no quicker to measure seed growth i n 
pet r i dishes positioned almost v e r t i c a l l y . I t was e a s i e r and more . 
accurate to remove the seedlings from the dish to measure them than to 
measure them against the g l a s s . I t was a l s o much e a s i e r to position 
the dishes h o r i z o n t a l l y . 
Plates 1 - 4 ; comparison of transverse sections of wheat 
seedlings, three days a f t e r the ungerminated seeds had been 
placed on f i l t e r papers soaked i n : 
a) d i s t i l l e d water - controls. 
b) 100p.p.m. 2,4-D solution. 
Sections were made from segments of the root and they were 
photographed through the eye-piece of the microscope a t 
eighty and three hundred and twenty magnification. 
i :- • represents .1mm on the photographs at the lower 
magnification. 
L x represents .05mm on the photographs at the 
higher magnification. 
43. 
Plate 1: Control seotion of wheat root. 










£ * ± ± A > Section treated with 2,4-D showing endodermis and 
casparian s t r i p . 
Comparison of three with four days growth 
of wheat seeds - Thrislingtori Common bottom, 
middle and top s o i l s . 
7 (S 








\ 10 A CO 
I J . 8 
rn 
6 A-




0.2 0. i. 0.8 LOG CONCENTRATION 01 2,4-D 
46 
Figure 2: Comparison of three with four days growth 
of wheat seeds - t u r f bottom, middle and 
top s o i l s . 
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47. 
Figure comparison of three with four days growth 
of wheat seeds - wood bottom, middle and 
top s o i l s . 
•WOOD 3 DAYS VS 4 DAYS GROWTH OF WHEAT 
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48. 
Figure 4: comparison of three with four days 
growth of wheat seeds - loam bottom, 
middle and top s o i l s . 
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Figure 5 : comparison of three with four days 
growth of wheat seeds - peat bottom, 
middle and top s o i l s . 
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Bioassaya; 
The following graphs ^figures 6-2U), show the control 
graphs which were used to cal c u l a t e the 2,4-D i n each s o i l 
from the shoot index calculated from each bioassay. The 
l i n e plotted i s the l e a s t .squares f i t for a s t r a i g h t l i n e , 
and i t s s i g n i f i c a n c e i s given i n table 10. As can be seen 
from t h i s , four of the s o i l s ^Thrislington Common middle, 
and top, and peat middle and top) have s i g n i f i c a n c e s below. 
v. 
0.1. The graphs for peat middle and peat top have not 
been further used. Turf bottom, t u r f middle and wood middle 
have s i g n i f i c a n c e s of only 0.1; so, although these graphs 
and those of Thrislington Common middle and top have been . 
used where they give reasonable r e s u l t s , the r e s u l t s thus 
obtained should be regarded with suspicion. 
TABLE 10: 
5 1 . 
Calculation of log concentrations of 2,4-D from shoot indices was 
c a r r i e d out using the following control graphs, where x i s the logarithm 
of 2,4-D concentration i n p.p.m. and y i s the shoot index. 
S o i l type Equation 
C o e f f i c i e n t of 
c o r r e l a t i o n , r 
Signi f i cance, us ing 
Student's t - t e s t 
TCB y= . 9 7 6 - . 3 6 7 x .99 . 0 2 
TCM y - l . 0 9 - . 3 3 9 x .84 < .1 
TCT y=1.08 - .184x . 72 < .1 
TB y=1.09-.428x . .94 .1 
TM y= . 9 6 7 - . 4 0 4 x .94 .1 
TT y= . 9 7 1 - . 4 0 1 x • 99 ' .02 
WB y= . 9 7 6 - . 4 5 7 x • 99 . 02 
WM y= . 8 9 3 - - 3 6 4 x • 90 .1 
WT y=l . 0 5 - . 4 2 7 x .98 . 0 5 
LB y= . 9 7 2 - . 4 4 6 x • 99 .01 
LM y = 1 . 0 2 - . 3 8 l x • 97 . 05 
LT y= . 9 5 9 - . 4 2 9 x . 9 9 . 02 
PB y= . 9 9 5 - . 2 5 5 x .97 
PM y= 1 . 0 l - . 0 0 3 3 3 x ,62 < * 1 
PT y = 1 . 0 4 - . 1 l 6 x .88 < .1 
Figure 6: control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ( x - a x i s ) - Thrislington Common bottom. 
i 
Figure 7.° control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ( x - a x i s ) - Thrislington Common middle. 
Figure 8: control graph of shoot index ( 7 - a x i s ; against logarithm 
of 2,4-D concentration ( x - a x i s ; - Thrislington Common top. 
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Figure 9: control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ( x - a x i s ) - t u r f bottom. 
Figure 10: control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ( x - a x i s ) - t u r f middle. 
Figure 11: control graph of shoot index (.y-axis; against logarithm 
9 
of 2,4-D concentration ( x - a x i s ) - t u r f top* 
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Figure 12: control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ( x - a x i s ) - wood bottom. 
Figure 15: control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ( x - a x i s ) - wood middle. 
Figure 14: control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ( x - a x i s ) - wood top. 














Figure 15: control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ^x-axis) - loam "bottom. 
Figure 16: control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ( x - a x i s ) - loam middle. 
Figure 17: control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ( x - a x i s ) - loam top. 
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Figure 16: control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ( x - a x i s ) - peat bottom. 
Figure 19: control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ( x - a x i s ) - peat middle. 
Figure 20i control graph of shoot index ( y - a x i s ) against logarithm 
of 2,4-D concentration ( x - a x i s ) - peat top. 
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Weekly bioassays were c a r r i e d out on the following dates: 
Date, bioassay started 
Week 0 25th June 
Week 1 2nd July 
Week 2 9th July 
Week 3 16th July 
Week 4 (also Week 0; 23rd J u l y 
Week 5 (also Week 1) 30th July 
Week 6 (also Week 2) 6th August 
Week 7 (also Week 3) 12th August 
Abbreviations 





B Bottom s o i l 
M Middle s o i l 
T Top s o i l 
58. 
Figures 21-25 show the r e s u l t s of c a l c u l a t i n g 2,4-D concentrations 
for the weekly bioassays by dividing the weekly mean of shoot length for 
each s o i l by the mean of the shoot length of the o r i g i n a l controls, to 
obtain the shoot index. The symbols used for each s o i l are explained 
on page 2.c). 
The persistence i n weeks as calculated from these graphs (see Chapter 4) 
i s given i n table 11. These values are used to attempts to find any 
correlations with s o i l properties, and the r e s u l t s given i n table 12. 
In figures 26-28, the 2,4-D concentrations have been calculated using 
the weekly controls set up at the same time as the bioassays. S o i l s have 
not been included i n the graph where r e s u l t s for 2,4-D concentration have ( o 
been outside the range under consideration (1 - 10Up.p.m.), as t h i s i s ' 
probably caused by lack of sig n i f i c a n c e i n the relevant control graphs I 
( f i g u r e s 6-20). 
In figures 29 and 30, the wet and dry s o i l s from Thrislington Common, 
studied over three weeks, are compared. The o r i g i n a l controls are used to 
obtain shoot i n d i c e s . (The r e s u l t s obtained using weekly controls for the 
same set of data are shown i n figures 3/ 3% in Appendix 3 
Table 13 gives the r e s u l t s of the f i e l d experiments on Thrislington Common, 
dividing the growth i n cms of wheat on s o i l from treated quadrats by the growth 
on s o i l from unsprayed controls to obtain a shoot index. 
Table 14 shows the growth, i n centimetres, of wheat shoots on f i l t e r 
papers soaked i n the 2,4-D solution l e f t i n containers when the o r i g i n a l 
bioassay experiment was set up. 
59. 
4. Radior-chemical experiments; 
Figure 31 shows the very marked difference i n metabolic 
uptake of 2,4-D by wheat seeds on s o i l from Th r i s l i n g t o n Common 
and peat treated with a solution of radioactive 2,4-D. Uptake 
i s compared i n counts per minute. The experiment was continued 
over three days (the same duration as the bioassays). The amount 
taken up by dead seeds was subtracted from that taken up by l i v e , 
to obtain an estimate of metabolic uptake. 
I n table 15 the s o i l s are compared before and a f t e r centrifuging. 
The r e s u l t for sample A i s very unlike a l l the others, and t h i s may be 
due to the addition of s l i g h t l y too much water i n proportion to the 
s c i n t i l l a t i o n f l u i d . Table 16 shows the percentages of 2,4-D s t i l l 
l e f t i n the germinated seeds a f t e r shaking with water. 
60. 
Figure 21: weekly bioassaya using o r i g i n a l controls for 
cal c u l a t i o n s - Thrislington Common bottom, middle, top. 
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Figure 22; weekly bioassays using o r i g i n a l controls for 
ca l c u l a t i o n s - t u r f bottom, middle, top. 
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Figure 2 ? : weekly bioasaays using o r i g i n a l controls for 
ca l c u l a t i o n s - wood bottom, middle, top, 
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Figure 24i weekly bioassays using o r i g i n a l controls for 
ca l c u l a t i o n s - loam bottom, middle, top. 
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Figure 25: weekly bioassays using o r i g i n a l controls f o r 
calc u l a t i o n s - peat bottom, middle, top. 
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TABLE 1 1 ; 
Weekly "bioassays using o r i g i n a l controls to assess 2,4-D concentration. 
Persistence of 2,4-D 
S o i l type 
F i r s t week that 2,4-D f a l l s and 
consistently remains below 20ppm 
TCB 4 












PM No r e s u l t s 
PT No r e s u l t s 
6 6 . 
TABLE 1 2 : 
• • 
• 
Linear regressions and co r r e l a t i o n c o e f f i c i e n t s obtained "by 
plotting s o i l properties (y) against s o i l persistence of 2,4-D i n 
weeks (x).(Peat middle and peat top are excluded, as there are no 
persistence r e s u l t s for them). 
S o i l property (y) Equation of l i n e Correlation c o e f f i c i e n t r 
Organic carbon 
(peat bottom excluded 
since r e s u l t s calculated 
d i f f e r e n t l y ) 
y «= . 0 9 x + 5 . 9 r = 0 . 2 1 
PH y = - . 0 7 x + 6 . 5 r = - 0 . 1 6 
Cation Exchange capacity y = 1 . 2 x + 2 6 . 6 r = 0 . 5 8 
Exchangeable calcium y = - . 1 4 x + 7 . 9 r = - 0 . 1 2 
Exchangeable magnesium y = . 0 9 x + 1 . 4 r = 0 . 1 6 
Percentage sand y = 2 . 8 x + 3 6 . 5 r = 0 . 3 9 
Percentage clay y = - . 8 9 x + 1 3 . 4 r = - 0 . 2 6 
Percentage s i l t y = - 1 . 9 x * 5 0 . 0 r = - 0 . 4 7 
6 7 . 
Figure 26: weekly bioassays using weekly controls for 
ca l c u l a t i o n s - Thrislington Common bottom, 
middle, top. 
\ 
THRI SLING TON BIOASSAYS WITH WEEKLY CONTROLS 
A 
/ 
TIME IN WEEKS 
£ure_j2I« weekly bioasaays using weekly controls for c a l c u l a t i 







I. Z 3 
. TIME IN WEEKS 
Figure 28: weekly bioassays using weekly controls for calculations. -
peat, bottom, middle, top. 
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Figure 29: comparison of wet and dry s o i l from Thrislington Common: 
wet s o i l , using o r i g i n a l controls for c a l c u l a t i o n s — 
bottom, middle, top. 
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Figure 30: comparison of wet and dry s o i l s from Th r i s l i n g t o n Commonj 
dry s o i l , using o r i g i n a l controls f o r calculations -
bottom, middle, top. 
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TABLE 15: 
Th r i s l i n g t o n Common f i e l d bioassays. 
Results expressed as shoot indices where: shoot index i s equal to the 
growth of sprayed samples during bioassay 
smaller of : I and ^mean growth of controls during bioassay 
See Appendix 3« 
I . Quadrats sprayed 51st May 
Bioassay set up 7th June 
Bioassay set up 15th June 
I I . Quadrats sprayed 27th June 
Bioassay set up 5th July 
Bioassay set up 12th July 
Bioassay set up 20th July 
Bioassay set up 27th July 
I I I . Quadrats sprayed 27th July 
Bioassay set up 3rd August 












Bioassay r e s u l t s f o r lOOppm 2,4-D so l u t i o n l e f t i n containers 
i n greenhouse on 25th June. 
Week 0 Week 1 Week 2 Week 3 
Mean growth of wheat shoot .5 • 13 .1 Completely 
evaporated 
Standard deviation of mean .14 .06 .0 
74. 
Figure 31: comparison of metabolic uptake of radioaction 2,4-D 
by wheat seeds on top s o i l -from T h r i s l i n g t o n Common 
and on top peat s o i l . ti/^'^'L '' ^ 
Us V I . 
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TABLE 1-5; 
Radio-chemical comparison of s o i l s before and a f t e r centrifuging. 
with d i s t i l l e d water. 
counts per minute per gram of sample 
Sample So i l Type Treatment counts per minute per gram of control 
expressed as percentage / / 
A Thris l i n g t o n Shaken & centrifuged 
with 10cm water .254 
/ 
/ 
. 3 Peat Shaken & centrifuged 
with 10cm water 
17-65 
C Thris l i n g t o n Shaken & centrifuged 
v/ith 10cm water 
21.12 
D Peat Shaken & centrifuged 
with 10cm water 
21.67 
E Thrislington Shaken &. centrifuged 
v/ith 20cm water 
11.24 
P • Thris l i n g t o n Shaken & centrifuged 




Radio-chemical comparison of seeds before and a f t e r shaking 
with d i s t i l l e d water. 
Before shaking Af t e r 10 min. 
shaking 
A f t e r 30 min. 
shaking 
Counts/minute 3391.4 2893-8 1566.6 
y„ of o r i g i n a l 
amount of 
2,4-D 
100 85.3 46.2 
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CHAPTER 4 Discussion 
The assessment of 2,4-D persistence and v e r t i c a l movement i n the 
s o i l s from the f i v e s i t e s studied was carried out. by using bioassays. 
As can be seen i n Chapter 3, the r e s u l t s obtained from these were at- best 
highly variable, and at worst meaningless. There was, by no means, a 
steady decline of 2,4-D i n the s o i l s , and much of the f l u c t u a t i o n i s 
probably due more to er r o r i n the method than to changing concentrations 
i n the s o i l . I t seems probable that the-bioassay method used to assess 
2,4-D concentrations was unreliable because of f a i l i n g s both i n the response 
of the wheat shoot t o 2,4-D concentration, and i n the conditions under which 
the bioassay was carried out. I d e a l l y , much more time would have been given 
to the preliminary t r i a l s with d i f f e r e n t species and d i f f e r e n t possible 
measurements f o r the c a l c u l a t i o n of shoot indices. 
The decision to use wheat seeds was based on t h e i r germination and growth 
on f i l t e r papers, not on the s o i l s . I t might have been bet t e r to use more 
than one species over the concentration range examined. I t had been 
intended to assess concentrations of 2,4-D .below 10 p.p.m. using cucumber 
seeds, but t h i s had to be discarded part-way through the project as explained 
i n the introduction. 
The number of seeds sown and measured f o r each bioassay was l i m i t e d by 
laboratory space available, and the f e a s a b i l i t y of measuring a l l the seeds 
w i t h i n a few hours. More seeds would probably have reduced the v a r i a t i o n i n 
measurement, which would have been p a r t i c u l a r l y desirable f o r the controls used 
t o p l o t the graphs of shoot index against logarithm of concentration. 
I d e a l l y , too, bioassays would have been carried out more frequently, 
which would have made i t easier to decide where there was a genuine decrease 
i n 2,4-L, and to estimate the rate of degradation. 
Both the germination and growth of seedlings, and the t o x i c i t y and 
persistence of 2,4-D are affected by environmental conditions such as 
temperature, l i g h t i n t e n s i t y , and s o i l moisture (Brown and M i t c h e l l , 1948; 
Penfound and Minyard, 1947). Time did not allow the standardization of 
watering techniques, neither of containers i n the greenhouse, nor 
of s o i l i n p e t r i dishes f o r weekly bioassays, although i t was 
attempted to water to f i e l d capacity. I t was not possible to use 
a constant temperature and l i g h t growth chamber, owing to the number 
of p e t r i dishes used i n each bioassay. 
I t was hoped that by c a l c u l a t i n g shoot indices from weekly controls 
the e f f e c t s of laboratory variations on seed growth would be p a r t l y 
cancelled. The s o i l s from only three of the f i v e s i t e s , each at the 
three depths, were assessed i n t h i s way. The r e s u l t s from four out of 
these nine s o i l types could not be assessed because the control graphs 
f o r conversion of shoot indices to logarithm of concentration were not 
s u f f i c i e n t l y close to a'straight l i n e . Only one of the remaining f i v e 
s o i l s showed a decline i n 2,4-D concentration over the seven weeks. 
I t seems highly improbable that t h i s was because there was no 
degradation, since a l l the s o i l s were kept f a i r l y moist (De Rose, 1946; 
Ogle and Warren, 1954J. In assessing persistence of 2,4-D, therefore, 
the r e sults were obtained f o r shoot indices from one set of controls 
throughout. 
Fluctuations i n greenhouse conditions, including dry sunny spells 
where temperatures reached 50°C, meant that s o i l dried d i f f e r e n t l y 
between bioassays. This was r e c t i f i e d to some extent by watering mid-
week when very dry. These high temperatures might be expected to lead 
to faster breakdown than under f i e l d conditions. 
One other i n t r i n s i c problem with bioassays i s the delay - i n t h i s 
case of three days - between sampling the s o i l and s t a r t i n g the bioassay 
and i t s completion. 
Much research on 2,4-D since the l a t e f i f t i e s or early s i x t i e s has 
used radioactive tracers (Yamaguchi and Crafts, 1958)» the 2,4-D l a b e l l e d 
i n the carboxyl group, or occasionally i n the r i n g , w i t h ^C. This 
eliminates most of the 'problems and inaccuracies associated with bioassays, 
and i s fa s t e r . I t i s unsuitable, though, f o r much work with s o i l 
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degradation, because i t i s not possible, by t h i s method, to dis t i n g u i s h 
between 2,4-D and i t s breakdown products while these remain i n the s o i l . 
I t i s better suited t o studies of absorption and translocation. Gas 
chromatography has been used frequently f o r studies of breakdown (Hance 
and McKone i n Audus, 1976), but i t was not possible to set i t up on such 
a short time scale. 
The weekly concentration of 2,4-D, as obtained using the o r i g i n a l 
controls throughout to calculate shoot index, shows a decline i n most of 
the s o i l s , but, i n general, not a very consistent one. Neither the 
decline i n logarithmic nor i n actual concentration showed any s i g n i f i c a n t 
/ s t r a i g h t l i n e r e l a t i o n s h i p (ijable 33), nor was there any other obvious 
rel a t i o n s h i p . I t was therefore not possible to calculate the rate of 
decline. I n none of the s o i l s d i d 2,4-D f a l l t o , and remain a t , 0 p.p.m. 
The length of time that 2,4-D remained i n the s o i l was taken to be the 
number of weeks before the concentration f e l l * and afterwards remained, 
below 20 p.p.m. This i s , perhaps, a somewhat a r b i t r a r y estimation of 
persistence, but seemed, from examination of the graphs, to be the most 
appropriate. 
The s o i l s were compared on t h i s basis, and c o r r e l a t i o n sought between 
persistence of 2,4-D i n each s o i l , and physical and chemical properties of 
the s o i l s . Soil properties have previously been found to a f f e c t persistence 
and t o x i c i t y of 2,4-D i n the s o i l . High pH on to l i m i n g s o i l i s often 
-—V 
thought to increase vitsypersistence and t o x i c i t y , but has not always been 
found to do so (Hanks, 1947). Organic matter may a f f e c t t o x i c i t y by making 
2,4-D unavailable, or by speeding up degradation by increasing the number of 
microorganisms present. Upchurch and Mason (1962) found some c o r r e l a t i o n 
between e f f e c t i v e t o x i c i t y , aa measured by 50% growth response i n bioassays, 
and certain s o i l properties. They obtained c o r r e l a t i o n c o e f f i c i e n t s , r , 
greater than, or equal t o , 0.85 f o r exchangeable calcium ( r = 1)» t o t a l 
exchangeable bases (>r = 0.99)» cation exchange capacity (.r = 0.95)» free 
drainage value ( r = 0.87) and pH ( r = 0.85). They found no co r r e l a t i o n 
00. 
(/r/^0.25) between p a r t i c l e size of")exchangeable magnesium and 50^-
growth response. 
No s i g n i f i c a n t correlations between persistence of 2,4-D and s o i l 
properties of the s o i l s studied here v/ere found. The only c o r r e l a t i o n 
c o e f f i c i e n t with a value of/r/V0.5 was obtained from the l i n e a r regression 
of cation exchange capacity on s o i l persistence ( r =0.58J. 
The r e s u l t s f o r t o t a l exchangeable bases were not considered, as 
they seemed too u n l i k e l y . Soils of si m i l a r type, such as those from 
adjoining depths at the same s i t e , showed d i s s i m i l a r r e s u l t s , and the 
results did not correspond very w e l l with cation exchange capacity or 
with exchangeable calcium and magnesium. There was possibly s l i g h t loss 
due to spattering i n heating the leachates to dryness, and the high 
temperature of i g n i t i o n (500°C) recommended i n Metson's method may a l t e r 
the exchangeable bases i n the s o i l . However, since the exchangeable 
calcium and magnesium re s u l t s obtained from the f i n a l t i t r e were f a i r l y 
consistently about twice those obtained from the leachate ( i n p.p.m.) i t 
seems l i k e l y that the errors were often caused by very small differences 
i n the t i t r a t i o n making large differences i n the f i n a l r e s u l t . 
Leaching i s also dependent on s o i l type, being greater i n sandy than 
i n clay s o i l s or humus. Ogle and Warren (1954) found that sixteen inches 
of water were required to free a l l t o x i c i t y from a highly organic s o i l , 
and Audus (1952) also found that the 2,4-D leached from s o i l s was inversely 
related to the amount of organic matter i n the s o i l . 
I n the f i v e s i t e s studied, 2,4-D appeared to be held f o r the longest 
time i n the top s o i l s of Thrislington Common and the wood s o i l . Although 
the top s o i l of Thr i s l i n g t o n Common was r e l a t i v e l y high i n organic matter, 
the top s o i l of the wood was lower i n organic matter than the top s o i l of 
the t u r f . Nor does i t seem l i k e l y that i t was held f o r longer by the 
roots of growing vegetaion, since there was more vegetation i n the t u r f . 
Also, i n comparing wet and dry s o i l s from T h r i s l i n g t o n Common, the bottom 
s o i l of both wet and dry samples had higher concentrations than e i t h e r 
the middle or top s o i l s . 
81. 
In the dry s o i l , no 2,4-D appeared to be retained by the top or middle 
s o i l s ; i n the wet s o i l , the middle had l i t t l e or no 2,4-D and showed 
l i t t l e v a r i a t i o n , whereas the top followed a s i m i l a r pattern to the 
bottom, but with s l i g h t l y lower concentrations. I t thus appears that 
there may be more chance of 2,4-D being retained on wet s o i l , and that 
i t may leach s t r a i g h t through a well-drained dry s o i l . This might also 
have caused discrepancies between unevenly watered containers. 
The bottom s o i l s , especially T h r i s l i n g t o n Common, show a f a i r l y 
consistent dip i n 2,4-D concentration at the end of the f i r s t week. 
This may be due to the herbicide being absorbed onto s o i l c o l l o i d s during 
the f i r s t few days, and l a t e r released. This might mean i t was unavailable 
to the wheat seeds at the end of the f i r s t week, but was taken up by them 
again a week l a t e r . 
I t was not r e a l l y possible to look at leaching on the peat s o i l as 
there was l i t t l e r e l a t i o n s h i p between wheat growth on the peat top and middle 
s o i l and 2,4-D concentration although i t did seem to persist a long time i n 
the bottom s o i l . The l i n e a r regression of shoot index on logarithm of 2,4-D 
concentration was not s i g n i f i c a n t i n e i t h e r case, and there seemed l i t t l e , i f 
any, r e l a t i o n s h i p between them. Wheat seeds grew considerably less w e l l on 
the unsprayed peat than cn the other s o i l s , but at high 2,4-D concentrations 
on the top and middle peat s o i l , often grew much better than on other s o i l s . 
This suggested e i t h e r t h a t the 2,4-D was immediately locked up i n the peat, 
or that i t was immediately degraded. The l a t t e r explanation seemed less 
l i k e l y , since r e l a t i v e l y few microorganisms are able to l i v e i n so acid a s o i l . 
Top s o i l from the peat, and from T h r i s l i n g t o n Common, were sown with wheat 
seeds immediately a f t e r adding radioactive 2,4-D, i n order to observe uptake 
by the seeds and see i f any was being taken up on the peat. As can be seen 
from the graphs, there isovery s i g n i f i c a n t difference i n uptake. Very l i t t l e 
2,4-D enters the seeds on the peat either metabolically or physically, though 
there i s a s l i g h t but steady r i s e i n uptake over the three days studied, 
possibly suggesting a gradual release. The uptake by seeds on the magnesium 
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limestone was more e r r a t i c , but was an order of magnitude higher, and 
showed a peak about twenty-four hours a f t e r the experiment started. 
This c e r t a i n l y corroborated the evidence from bioassays that the growth 
of seeds on the top peat s o i l was unaffected by 2,4-D concentration, but 
did not explain why. The counts per minute per gram of s o i l of 
Thrislington Common was about seven times higher than that of the peat 
at the end of the three days, which suggests that the 2,4-D had been broken 
down and the carbon - 14 released as carbon dioxide, rather than locked up 
i n the s o i l . However, i t i s f e l t that t h i s i s i n s u f f i c i e n t evidence t o 
base any conclusions on. 
Comparing the counts per minute per gram of s o i l a f t e r shaking with 
water and ce n t i f r u g i n g with s o i l that had not.been treated with water, i t 
appears that most of the r a d i o a c t i v i t y (up to S&fv at le a s t ) can be washed 
out. S l i g h t l y more was washed out using 20cm^ water than using lOcm^, 
but there was no marked difference between the peat and Thris l i n g t o n Common. 
This seems surpr i s i n g i n view of the re s u l t s with seed uptake, though the 
s o i l s were compared a f t e r the study of seed uptake ( i . e . four days a f t e r 
the 2,4-D was put on the s o i l ) by which time the seeds on the peat were 
s t a r t i n g to take up more, whereas active uptake by seeds on Th r i s l i n g t o n -. 
Common s o i l had declined. I t may be that 2,4-D would have been equally 
available to seeds on both s o i l s by t h i s stage. A l t e r n a t i v e l y , i t may be 
that, of the 2,4-D i n the s o i l , proportionally as much could be washed out 
of, or taken up from, the peat, but there was less i n the peat s o i l s due 
to rapid breakdown. This, though, does not explain the release e f f e c t . 
At least 5C% of 2,4-D could be washed out of germinated seeds by 
shaking with water. This suggested that at least a large percentage of 
the 2,4-D had not been metabolized w i t h i n the c e l l s . Previous work with 
barley roots showed that a l l the 2,4-D taken up could be leached out with 
prolonged washing. The f i e l d experiments a l l indicate that there was no 
measurable 2,4-D a f t e r two weeks, but,, i n the only month where four weeks of 
results are available, the apparent concentration was up again i n the t h i r d 
week, and back to zero again i n the f o u r t h . 
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I t i s impossible to say on so l i t t l e evidence whether t h i s was 
indeed due to the 2,4-D, and there i s some locking up a f t e r two weeks 
or whether the 2,4-D has r e a l l y disappeared from the top 4cm. at the end 
of two weeks. The l a t t e r would approximately correspond to greenhouse 
r e s u l t s , since the s o i l taken from the f i e l d was a mixture of the top 
and part of the middle layers used i n the greenhouse. 
When 2,4-D was l e f t i n solution i n the greenhouse f o r tv/o weeks, 
concentration u n t i l i t evaporated. 
2,4-D did not appear to a f f e c t nitrogen content, at least hot i n the 
short term studied. Although there were consistent differences between 
bottom, middle and top s o i l i n both sprayed and unsprayed samples, there 
was basically no difference between sprayed and unsprayed samples at one 
depth. There appeared to be a s l i g h t increase i n nitrogen content of the 
middle sprayed s o i l , but i t was not s i g n i f i c a n t . 
there was no sign of degradation. 
xne g 




APPENDIX 1: S o i l properties. 
Table 17 : f i e l d capacity. 
Table 18 : organic carbon (Walkley-Black). 
Table 19 s organic carbon ( l o s s - o n - i g n i t i o n ) . 
Table 20 s o i l p a r t i c l e analysis. 
Table 21 cation exchange capacity. 
Table 22; t o t a l exchangeable bases. 
Table 23) exchangeable calcium and magnesium. 
Table 24 i nitrogen determinations. 




S o i l 
Type 
Thrislington 
Common Turf Wood Loam Peat 
Weight of 
wet s o i l 
i n g. 
227.05 221.62 227.88 180.60 245.94 239.38 239.58 216.89 226.90 187.01 210.79 
Weifjht of 
dry s o i l 
i n g. 




i n s o i l 
i n g. 
92.84 90.79 94.43 74.72 91-58 88.09 87.16 72.12 75-57 134.35 150.7 






s o i l 
69.2 6 9 ; 4 '. 70.8 70.6 59-3 58.5 57.2 47.7 49.9 255.1 :."4.5 
TABLE 18: 
Organic Carbon (Walkley-Elack method): 
S o i l Tyoe 
Weight of oven-
dry s o i l i n grams 
Ammonium ferrous 
oxide t i t r e i n 
cm 
Thrislington Common 
Bottom .68768 6.9 
Thrislington Common 
Kiddle .70650 5.1 
T h r i s l i n g t o n Common 
Top .66525 .9 
Turf - Bottom .64036 10.3 
Turf - Kiddle .56920 6.6 
Turf - Top .54440 4.8 
Wood - Bottom .59265 10.3 
Wood - Middle •48535 12.1 
V/ood - Top .55233 7.7 
Loam - Bottom .64484 10.3 
Loam - Middle .63OO5 10.7 
Loam - Top .57262 10.1 
Blank 
20.4 
(Average of two 
determinations) 
Calculation: 
% oxidizable organic carbon ^uncorrected = 
(blank t i t r e - actual t i t r e ) x .3 xM 
weight of oven-dry s o i l i n g. 





Loss on i g n i t i o n using Ball's regression ( B a l l , 19^4^• 




s o i l i n g 
Weight of 
s o i l a f t e r 
i g n i t i o n 
i n g. 
Matter 
l o s t 
during 
i g n i t i o n 
i n g. 
Loss on 






Peat Bottom 17.0 14.03 2.97 17.47 7.50 
Peat Middle 13.8 6.26 7.54 54.64 24.63 
Peat Top 6.81 1.12 5-69 83.55 37.87 
Ball's regression: y = 0=455x - 0.4 
where x i s the percentage loss on i g n i t i o n and 
y the percentage organic carbon. 
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TABLE 20: 
S o i l P a r t i c l e Analysis; 
S o i l 
type 
I n i t i a l 
wt. of 
s o i l 
Wt.of s o i l 
a f t e r pre-
treatment 
WB 










Wt. of s o i l 
on f i n e s t 
sieve .21 -
w p 
Wt. of soi] 
from 1st 
p i p e t t i n g 
W 1 
Wt. of s o i l 
from 2nd 
p i p e t t i n g 
W 2 
Wt. of s o i l 
from 3rd 
p i p e t t i n g 
TCB 17-979 16.34 2.58 4.33 2-57 . .045 .028 .028 
TCM 17.674 16.99 • 99 4.6,1 3.36 .053 .040 .031 
TCT 
TB 14.230 12.88 .44 1.17 2.18 .090 • 074 .070 
TM 14.368 13.27 • 74 1.38 2.3 .083 .074 .066 
TT 12.960 11.72 .22 3.92 .03 .072 • 059 .053 
WB 20.886 17.81 .70 1.51 3.08 .150 .106 .081 
WM 17.890 14.98 .61 1.13 2.61 • 093 .073 .065 
WT 17.137 14.62 .33 3-86 0.0 .105 .084 .069 
LB 25.138 23.16 1.44 3.05 5.70 .119 .087 .071 
LM 19.715 18.86 1.25 3-84 5.96 .072 .061 .043 
LT 21.405 20.62 1.02 3-53 6.36 .079 .067 .048 
89. 
S o i l P a r t i c l e Analysis 
Calculations 
Fine sieving 
Percentage of number 25 (2.4-0.6mm) sieve 100W 
V B 
Percentage on number 72 (0.6-0.21mm) sieve 100W, M 
W, B-
Percentage on number 200 (0.21-0.075mm) sieve 100W 
w B 
Sedimentation 
Weight of s o l i d material i n 500cm of suspension, 11. 
i s given by: 
M W. x 500 g 
where i = 1, 2 or 3 represents the 1st, 2nd or 3rd p i p e t t i n g 
respectively, and where i s the volume of the pipette 
V p = 9-9125 (previously calculated). 
Percentage of medium ail;.-. (.02 - .006mm) = M 2 ~ M 3 x 100 
"b 
Percentage of clay (less than .002mm) = M 3 M 4 v- 100 
Where i s the weight of sodium hexametaphosphate i n 500cm , 
calculated from a blank sample without s o i l . 
The percentage of coarse s i l t was obtained from the other r e s u l t s 
by subtraction. 
TABLE 21: 
Cation Exchange Capacity 
90. 
S o i l Type 
Weight of 1g 
of s o i l + tube 
+ seal i n g 
W1 
Weight of s o i l 
+ tube + seal 
a f t e r discarding 
d i s t i l l e d water 
washing i n g 
W2 
Actual 
T i t r e s 
i n cm5 
Average T i t r e 
used i n 
calcu l a t i o n 
i n cnr 
T1 
T h r i s l i n g t o n 









T h r i s l i n g t o n 




Turf _ .. 
Bottom 13.30 ' 14.17 
9-2 9-2 
Turf 
Middle 41.96 42.87 
9.6 9-6 
Turf 











13.67 14.54 9-7 9.7 
Wood 
Top 13.30 14.83 
9-4 9.4 
Loam 
Bottom 19.07 20.06 
9.9 9.9 
Loam 
Middle 13.34 . 14.29 
9.8 9.8 
Loam 















Top 19.04 24.25 h\ 8.23 
Calculation 
C.E.C. = 8(T B - T 2) me/lOOg s o i l 
where T ? = T1 (100 + Wg - W^/100 cm5 
and T_ i s the t i t r e of the blank t i t r a t i o n . 
TABLE 22: 
Total Exchangeable Bases (Appendix) 
S o i l Type T i t r e of .1M Ammonium hydroxide i n cm 
Thri s l i n g t o n Common Bottom 8.7 
I I it Middle 9.0 
I I H Top 9.1 
Turf Bottom 9.75 
it Middle 9.85 
ii Top 8.7 
Wood Bottom 9.3 
H Middle 9.05 
Top 9.25 
Loam Bottom 9-75 
I I Middle 9-75 
ti Top 9.7 
Peat Bottom 9-3 
I I Middle 9.85 




Total Exchangeable Bases (T.E.B.) i n m.e./lOOg s o i l = -
where m i s the number of cm of ,1M HCL used to neutralize the 
residue corresponding to 10g. s o i l ; Vcm^ i s the t o t a l volume of 
leachate; r i s the aliq u o t evaporated; W i s the weight of. 
S 
s o i l leached. W = 5, V= 250, =25-
92. 
TABLE 2?: 
Exchangeable Calcium and Magnesium 







t i t r a t e d 







t i t r a t e d 
s o l u t i o n 
ppm 
Thr i s l i n g t o n Common 
Bottom 83 170 22.1 42 
T h r i s l i n g t o n Common 
Middle 66 170 17.8 32 
T h r i s l i n g t o n Common 
Top ' 97 185 19.8 39 
Turf Bottom 55 98 6.5 10.2 
Turf Middle 58 103 6.7 12.0 
Turf Top 65 120 8.2 14.7 
Wood Bottom 47 106 5.4 14.5 
Wood Middle 48 98 5.8 11.1 
Wood Top 56 98 7.1 12.1 
Loam Bottom 69 129 3.6 6.3 
Loam . Middle 63 112 3.4 5.8 
Loam Top 64 118 3-7 . 6.5 
Peat Bottom 6 13 1.6 2.8 
Peat Middle 10 18 2.8 4.9 
Peat Top 26 51 - 6.4 11.4 
Control 1 6 0.9 1.4 
TABLE 24: 
nitrogen determinations 
So i l Treatment So i l depth T i t r e of .02M hydrochloric acid 
i n cm 

















Sprayed with 2,4-D 









Sprayed with 2,4-D 
3 days before 







Sprayed with 2,4-D 







3 = 1 
Sprayed with 2,4-D 








Nitrogen determinations (Appendix) 
Calculation 
Let a cm^ be the t i t r e of .02 HCI. used; and Vlg. the weight 
of s o i l . 
Then: 
28 2SO TOO % nitrogen i n sample = x J x x = x . 14 
1000 10 V/ 
. 28 
where ' i s the conversion of mg of nitrogen to 
1000 • 
250 
g of nitrogen, and i s the d i l u t i o n f a c t o r . 
10 
95. 
. Chemical Reagents Used i n Soil Analyses: 
Oxidiaable organic carbon: 
Potassium dichromatic s o l u t i o n .17M : 49.04g pure potassium 
dichromatic dissolved i n water, and the s o l u t i o n d i l u t e d to 1L. 
Ammonium ferrous sulphate solution ,5M : 196g ammonium ferrous 
3 
sulphate dissolved i n water, 5cm concentrated sulphuric acid 
added, and the solution made up to 1L w i t h d i s t i l l e d water. 
Pa r t i c l e Analysis: 
Sodium hexametaphosphate sol u t i o n . 33g. sodium hexametaphosphate 
and 7g. sodium carbonate dissolved i n d i s t i l l e d water and made up 
to 1L. 
Total Exchangeable Bases: 
3 
Ammonium acetate s o l u t i o n , n e u t r a l , 1.0M : 57cm g l a c i a l acetic acid 
and 68cm^ concentrated ammonium hydroxide added to 800cm^ d i s t i l l e d 
water and d i l u t e d to 1L. The solutio n was adjusted to pH7.0. 
Cation Exchange Capacity: . 
3 
Triethanolamine so l u t i o n : 90cm triethanolamine were d i l u t e d t o 1L 
and adjusted to pH8,1 using 2M hydrochloric acid. The solution was ... 
then d i l u t e d to 2L. 
Buffered barium chloride solution: 244g« barium chloride -was dissolved 
i n 1L water, and t h i s was mixed with 1L triethanolamine s o l u t i o n . 
EDTA solution: 3«7.23g of the disodium s a l t were added to 1L of water. 
3 
Catechol v i o l e t i n d i c a t o r : .1g was added to "lOOcnr water. 
Magnesium sulphate s o l u t i o n : 6.2g i n 1L. 
Total .Nitrogen: 
Boric acid +mixed indicator : 40g boric acid dissolved i n 
800cm^ hot d i s t i l l e d water. 20cm^ mixed i n d i c a t o r (.5g bromocresal 
green and .1g methyl red i n 100cnr ethanol, w i t h pH then adjusted 
to was added, and the soluti o n d i l u t e d t o 1L. 
Radiochemical Experiments; 
S c i n t i l l a t i o n f l u i d : two parts toluene to one part t r i t o n x - 100, 
with diphenyl oxazole (PPO) added at the rate of 4g./dm^ toluene. 
97. 
APPENDIX 2: Preliminary Experiments f o r bioassays. 
Table 25: comparison of cress and wheat growth. 
Table 26: v a r i a t i o n i n growth of previously germinated wheat. 
Table.'27: raw data f o r controls. 
Table 28: values f o r shoot indices f o r p l o t t i n g control 
graphs. 
TABLE 25t - • 98. 
Preliminary Experiments f o r Bioassays 
Results of i n i t i a l bioassay tests of the growth of cress and wheat seeds 
on f i l t e r paper at d i f f e r e n t concentrations of 2,4-D (see 6.1.1. and 6.1.2. 
i n 'Methods'). 
Concentration of 0.0 1.0 2.5 5.0 .7-5 10.0 5Q.0 2,4-D i n ppm 25.0 75-0 100.0 
4.1 3-4 3-5 3-5 3-2 2.8 2.0 2.3 1.7 1.3 WHEAT SHOCT 3-7 3-5 3.8 2.2 2.8 1.5 1.5 1.6 1.4 • 9 length i n cm. .3-9 3-0 3.7 2.3 2.1 1.9 1.5 1.1 1.2 .5 
1.0 1.8 3.0 2.5 2.7 1.3 1.5 .4 1.1 . -- - 1.4 0.0 • 7 .5 .1 • 3 _ Mean of length 3-2 2.9 3-1 2.6 2.3 1.6 1.3 1.1 1.4 • 9 
i n cm 
Standard 1.5 0.8 1.0 0.6 1.0 .8 .7 .8 .3 • 4 deviation 
4.9 .9 .9 .9 1.1 • 3 .3 .6 .1 .2 
WHEAT ROOT 2.7 .8 1.6 1.0 .2 .3 ".5 .6 .3 .4 length i n cm. 4.0 .7 • 9 • 5 1.5 • 4 .2 • 4 .2 .1 
.4 1.0 .8 .6 .4 • 3 .1 .1 .5 -- - •5 • - .1 .1 — .1 — Mean of length 3.0 .9 .9 .8 .7 .3 • 3 .4 .3 .2 
i n cm 
Standard 2.0 .1 .4 .2 .6 .1 .2 • 3 .2 .2 deviation 
WHEAT SHOOT + ROOT 6.2 3-8 4.0 3.4 3.0 1.9 1.6 1.5 1.7 1.1 
Mean of length 
i n cm. 
2 = 0 . Q .7 »•> . c .2 .2 . 1 .1 .1 .1 CRESS SHOOT 1.7 '.6 .6 .2 .2 .2 .1 . .1 .1 .1 
length i n cm. 1.8 .5 • 9 .2 .3 .3 .2 .2 .1 .1 
1.4 .6 .4 .2 .4 .3 .4 .2 .2 .2 1.8 .7 .5 .2 • 4 .3 .2 .2 .2 .2 Mean of length 1.7 .6 .6 .2 • 3 .3 .2 .2 .1 .1 
1 i n cm. 
Standard .2 .1 .2 .0 .1 .05 .1 .05 .05 .05 
deviation 
6.5 .2 .3 .2 .2 .2 .2 .1 .1 .1 
CRESS ROOT 7-7 .2 . .3 .2 .2 .2 .2 .1 .1 .1 
length i n cm. 8.7 .3 .4 .2 .2 .2 .2 .1 .1 .1 
4.1 .2 • 3 .2 .2 .2 • 3 .2 .2 .1 
7.2 .2 .1 .2 .2 .2 .3 .2 .2 .2 
Mean of length 6.8 .2 .3 .2 .2 .2 .2 .1 .1 .1 
i n cm. 
Standard 1.7 .04 .1 0 0 0 .05 .05 .05 .04 
deviation 
T A B L E 26 : 
99. 
Preliminary Experiments for Bioassay. 
To look at v a r i a t i o n i n shoot growth of previously germinated wheat 
seeds. Growth i n cm. over 48 hours of previously germinated wheat seeds 
i n d i f f e r e n t concentrations of 2,4-D. 
Concentration Thrislinfftor 
of 2,4-D i n Common Turf Wood Loam Peat 
p.p.m. Bot.Mid. Top Bot.Mid. TOT> Bot.Mid.Top Bot.Mid.. Top Bot.Mid.Ton 
. 9 1.1 • 3 .2 1 .6 1.4 .1 • 4 .1 .4 .2 .6 .2 .6 .4 
100 1.8 3-7 1.8 T.9 1.6 1.4 1 .9 2.1 1.8 1.3 2 .2 1 .9 1 .2 1 .6 1.4 
1.5 1.2 1 .7 3.6 1.4 1.5 1.6 2 .2 1.5 3.4 1.0 1.6 2.1 2.0 1.8 
.6 1.8 1.1 .8 1 .6 1 .2 • 3 1.1 .2 .2 1.0 1.9 1 .2 1 .7 .8 
Mean 1 .2 2.0 1.6 1 .6 standard 1-2 1.1 1.0 1.5 .9 1.3 1.1 1.5 1 .2 1.5 1 .2 
deviation • 5 1 .2 • 7 1.4 .1 .4 .9 • 9 • 9 1.5 .8 .6 .8 .6 .6 
1.1 0.0 • 4 .5 .9 .1 .1 .6 .5 .9 .7 2.5 .2 1.0 • 7 
50 .5 1.0 1.0 .8 .2 .6 .9 1 .7 1 .4 1 .3 1.8 0.0 1.1 1.8 1.0 1-5 2.0 .8 2.4 1-5 0.0 2.4 1.1 2.1 1.8 1.1 .8 1-3 2.0 1 .7 1.4 1.8 2.1 1 .2 1.1 0.0 1 .4 1 .4 1.8 - 1 .4 .6 1.5 2.2 1.8 Mean 1.1 1 .2 1.1 standard 1 .2 .9 .2 1 .2 1 .2 1.5 1-3 1-3 1.0 1.0 1.8 1.3 
deviation •5 .9 • 7 .8 • 5 •3 1.0 • 5 • 7 .5 • 5 1.1 .6 .5 • 5 
1.4 1.6 .9 . 9 1 .4 1-5 1-5 .8 • 3 1.8 .8 1 .4 .9 1.3 1-5 
10 2.0 .6 1-3 .1 .9 • 7 • 3 .8 • 4 1.7 1 .2 • 5 .4 1.1 1.2 1 .2 1 .4 2.4 2.3 1 .6 1.5 2.0 2.2 1.8 .6 2 .5 2.6 1 .6 2.1 1-7 
2.3 1.8 .8 1 .9 1.4 - 1.8 1.5 2.6 1.1 2.2 1.4 2.4 1 .5 2.6 . Mean 
standard 1.7 1 .4 1.4 1.5 1.3 1 .2 1..4 1.3 1-3 1.3 1-3 1.5 1-3 1 .5 1.8 
deviation • 5 •5 • 7 1.0 • 3 -5 .8 • 7 1.1 .6 .6 • 9. .9 .4 .6 
TABLE 27; 
100. 
Raw data for controls used f o r pl o t t i n g graphs of shoot index 

































































































1.63 0.82 0.57 1.4 1.57 1.2 1.85 1.54 1.42 1.4 0 .9 1.4 1.1 0.6 0.44 
Standard 
deviation 
0.99 0.97 0.72 0.99 0.47 0.55 0.51 O.65 1.T6 O.76 0.64 0.73 0.59 0.16 0.11 
TABLE 20; 
Values for shoot indices used for p l o t t i n g control graphs 
of shoot indices against logarithm of 2,4-D concentration. 
2,4-D 
concentration 
i n p.p.m. TCB TCM ': TCT TB TBI TT WB WIvI WT 
100 0.24 O.46 0.53 0.09 0.08 0.24 0.14 0,16 0.17 
50 0.39 0.32 U.91 0.44 0.44 0.23 0.12 0.29 0.29 
10 0.55 1.00 1.00 0.82 0.45 0.53 0 .49 0.31 0.74 
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
2,4-D concentration 
i n p.p.m. LB LM LT PB PM PT 
100 0.11 0.31 0.15 0.54 0.90 0.77 
50 0.21 O.56 0.22 0.49 1.00. 0.84 
10 0 A -7. 0.73 0.45 v. /p 0.96 1.00 
0 1.00 1.00 1.00 1.00 1.00 1.00 
TABLE 29: 
Shoot length of wheat i n cm. 
F i r s t set of weekly bioassays - raw data. 
Week 0 
TCB TCM TCT TB TM TT Vffl WM WT LB LM LT PB PM PT 
.2 .6 1.1 1.2 1.1 1.2 1.0 .9 . 8 1.0 1.1 .7 1.4 .7 .5 
.6 1.2 1.1 . 8 1.1 1.2 • 9 . 8 .4 .6 . 8 .5 • 9 • 5 .2 
.2 1.0 • 5 • 3 . 8 . 8 1.5 .9 - .7 • 7 .4 .7 .4 .2 .2 .7 - .2 .7 - 1.0 .5 .1 1.1 .6 .1 .2 • 5 .2 .1 .1 - .1 - .1 - .2 .1 .6 .4 .1 • 3 .5 .1 
.4 .9 1.4 • 5 .6 1-3 1.7 .7 . 8 • 7 .4 .5 . 8 .2 .4 
• 4 • 7 1.1 .7 .7 1.3 1-5 • 3 .2 . 8 .3 • 5 1.2 .7 .6 
.3 .7 1.2 • 3 .2 1.2 1.4 .2 • 3 .5 • 5 • 3 • 9 .5 .2 
.5 • 9 .6 .6 • 4 .6 1.0 .2 .1 .1 .2 .3 .5 • 3 .2 - 1.1 .2 .1 - .2 .2 - .2 .0 — .1 .2 .6 — • 5 1.0 .7 • 5 .6 .6 1.4 .2 . 9 • 9 1.0 • 1.0 • 3 .4 
• 7 . 8 .6 .6 1.0 . 8 1.4 • 3 .6 1.0 1.0 .2 1-3 . . 6 .1 
. 9 .7 .2 • 7 . 6 .4 1.0 .2 .5 • 7 . 8 .2 .7 .2 .2 
.5 • 7 .7 .2 .2 .2 1.0 .1 .2 • 5 . 8 .1 • 5 • 5 .2 
.9 • 5 .1 • 3 .1 .2 • 4 .2 .1 • 5 .2 .1 • 5 • 5 • 3 
Week 1 
TCB TCM TCT TB TM TT WB WM TO LB LM LT PB PM PT 
2.3 1.5 1.9 1-5 1.1 1.1 1.5 1.4 .4 1.4 1.3 1.0 • 7 1.0 .9 
2 .2 2.4 . 8 1.6 1.3 1 .8 1.6 1.6 . 8 1.6 1=0 .6 1.0 .9 1.2 
2.3 2.1 1.5 . 8 1.2 .1 1.4 1.1 .5 1.7 .6 • 5 1.3 • 3 1.1 
1.6 .6 . 8 .5 .7 .1 1.4 • 9 .4 1.9 .6 • 5 • 9 • 3 . 8 
- . 3 - . i .3 .6 • 2 . 1 . 1 . 1 1.0 .4 . 8 1.9 1.7 1.7 • 9 1 .8 .7 2.1 1.6 • 7 1.4 .6 1.1 • 5 • 9 .9 
2.1 2.0 1.5 c 1.4 • 5 1.4 1-3 .5 .5 .1 - .4 • 5 • 5 .6 
1.7 1.1 .1 - 1.7 • 4 • 5 .5 ,2 .9 .1 O • c • 5 .5 .6 
1.5 1.2 - • j o • y .6 .9 .6 1.2 .1 .1 .4 .7 .6 — 1.5 - - .2 • 5 .2 - • 3 - .7 • 3 .3 .5 .2 — 1.4 1.7 1.3 1.0 1.1 • 7 1.6 . 8 .6 1.3 1.4 • 9 1.6 1-3 .7 
. 8 1.2 1.4 . 8 .5 1.1 1.7 1.2 .3 .7 .7 .7 1.0 1.0 .9 
.7 1 .8 .1 .6 .7 . 8 .7 . 8 .6 .7 . 8 1.1 .7 • 9 .9 
1.0 1.0 .1 .7 .3 • 5 .5 .7 .2 . 8 .4 .4 .5 .7 .7 
.1 .1 .1 . 8 .1 • 3 .6 .2 .2 .4 .4 .7 
Week 2 
TCB TCM TCT TB TM TT WB WM WT LB LM LT PB PM PT 
.6 1 .7 1 .5 1.0 1 .7 1-3 1.5 .9 • 5 1.0 1 .3 .8 .9 1.0 • 5 
.6 .8 • 5 .7 1.4 .6 1.4 .8 .6 1 .6 .8 .5 .6 1.0 .6 .2 1.4 .2 .6 • 7 .6 1.1 .4 .4 .7 .8 .7 • 3 .9 .2 .2 • 3 .7 .2 .4 • 7 . -8 - .2 1.0 • 5 .5 .2 .4 .1 .5 - .2 - .2 - .1 .1 .2 .4 .6 .1 .2 .1 — 1.4 1.4 1.5 .2 1.8 1.8 1 .6 1 .7 1.3 1.2 .5 1.2 1.4 • 7 1.1 
1-3 .8 .4 .1 1 .5 1.5 1.6 1.2 1.1 • 5 .2 1.0 1.2 .6 1.1 .8 .7 .5 .1 1.4 1.2 1.3 1.4 • 9 .1 .1 .9 1.2 . . 7 .6 - .6 .2 .1 .8 .1 1.0 .1 .2 .1 .1 .6 .8 .6 .4 
- -. .2 .1 .1 .1 .7 .1 .1 .1 .1 .1 .6 • 3 .1 
1.3 1 .3 .6 1 .7 1 .3 1.9 1.2 1.0 • 7 2.0 1.6 1.0 1.1 1.2 1.4 1.0 • 9 .4 .8 .8 1.5 1.2 .6 • 4 1 .3 1.2 • 5 .9 1.2 1.0 
.8 • 4 .6 - 1.0 .5 .6 .1 .5 .1 .8 .4 .6 .4 • 3 • 8 .2 • 5 - .1 .1 .1 - .1 .1 .3 .1 • 4 • 4 .2 .2 .2 • 3 .2 .1 .1. .1 .2 
TABbK 29 (continuedj: 
F i r s t s e t of weekly bioassays - raw data. 
Week 3 
TCB TCM TCT TB TM TT WE WM WT LB LM LT PB PM PT 
.9 1,3 1,1 1.9 1.2 .7 1.2 1.0 1.5 1.8 2.1 1.6 • 9 1.2 .6 
.6 .8 1.3 1.6 .9 .1 1.5 1.4 1.6 1.3 1.6 1.0 .8 .6 .6 
.6 .7 .8 .9 .5 .1 .2 2.2 1-5 1.5 • 5 1-5 .6 .2 • 3 
• 5 .4 .6 .2 .4 - .1 1.6 1.3 .5 - .8 1.0 .2 .2 • 4 .2 .1 1.3 .2 - - .5 .1 .1 - 1.0 1.0 - .1 1.1 1.5 1.7 1.7 1.5 1.4 1.2 1.5 1.4 1.3 .6 • 5 • 9 1.1 .9 
1.2 1.2 1.0 1.4 1.8 1.8 1.5 1.5 .7 1.7 1.0 .5 • 9 • 7 .8 
.7 1.2 .4 .8 1.1 1.5 1.4 1.7 .5 1.8 .4 .6 .7 • 5 .7 
.4 .6 .2 - 1.1 1.1 • 9 .4 . 1 .2 .2 • 3 .9 .2 • 3 
• 3 .7 .2 - .4 • 9 - - .1 .1 .1 .1 1.4 .1 .7 1.2 1.5 1.3 1.6 1.7 1.8 1.6 1.7 1.5 1.3 1.7 1.5 .8 • 9 • 5 
1.3 1.0 1.3 1.5 1.2 1.9 1.2 1-5 1.1 .6 1.5 1.4 .8 .6 .7 
.7 1.3 .9 1.4 1.0 .8 1.1 .6 1.4 • 5 .7 1.4 .6 • 3 .5 
.4 1.0 1.0 .1 .1 1.1 .8 • 3 1.2 • 3 .1 1.2 • 3 .7 • 5 
.1 .1 .7 — .1 — .1 .1 1-9 .1 • 3 . 7 - .1 • 4 .6 
Week 4 
TCB TCM TCT TB TM TT WB WM WT LB LM LT PB PM PT 
2.2 1.5 1.9 1.3 1.6 2.9 1.5 2.4 2.8 2.5 2.6 2.8 1.9 1.0 .9 
1.7 2.0 1.3 .1 2.6 2 .4 1.7 2.1 2.2 1.8 1.6 2.1 1.4 1.4 .8 
2.4 1.5 • 5 .1 .8 2.3 2 .1 2 .3 2.6 1.8 • 9 2.1 1.5 .1 1.1 
1.2 1.4 .•1 .1 • 3 1.3 1.1 1.1 2.2 1.1 .2 1-5 1.1 .1 .8 
.1 .4 .2 .1 - 1-3 .1 .1 1.5 • 5 .1 1.7 • 3 .2 .1 2 .6 1.1 2.4 2 .1 1.8 2.1 1.9 2.8 1.1 2.5 1.8 2.4 1.7 1.0 1.5 
2.4 .2 2.6 2 .2 1.1 2.7 • 9 2.5 1.1 2 .0 1-3 1.5 1.6 .9 .9 
2,3 1 * i 2.6 0 .9 .3 2.8 1.1 2.9 • 9 1.2 .1 2.8 1.6 1.0 1.1 
1.0 - 2.6 1.2 .1 2.3 .8 2.2 .1 • 3 .1 2.3 .2 .5 1.2 .3 - 1.5 1.0 - .1 • 3 .1 • 3 - .0 2.3 .5 .7 1.6 2.5 2.3 1.8 2,0 1 = 6 2.6 2-3 2.6 2.4 2.6 2 .7 2.4 1.8 1.6 1.6 
2.5 2 .0 1.6 0.5 2 .2 1.9 2.4 2.1 2 .0 1.8 1.0 2.1 .9 1.3 1-3 
1.8 2.4 2 .1 2 .1 2 .3 1.6 1.7 2.1 2 .0 1-5 .4 .1 1.7 1.8 .4 
.4 1.8 1.6 1.0 • 3 1.9 • 3 1.7 • 5 .1 .7 1.6 .6 .7 .8 
• 3 1.0 • 9 .1 .1 • 9 — 1.3 .1 - .1 1.9 .2 .1 -
Week 5 
TCB TCM TCT TB TM TT WB WM WT LB LM LT PB PM PT • 
2.2 1.9 2.2 2.2 2 .0 1.4 1.1 1.5 2.8 2.5 2.0 2.1 .7 1.1 .9 
1.1 1.5 1.2 1.9 1.7 .9 1,0 1-3 1.8 1.6 1.4 1.3 .7 • 7 .2 
1.3 1.2 1.2 1.7 1.5 .6 .1 1.2 .8 .2 1.1 • 3 .4 .7 .2 
.1 .8 .8 1.3 1-3 .6 .2 1.0 • 5 .1 1.0 .1 • 3 .2 .2 
.2 .6 - .9 .1 .1 .1 .5 - - .8 — .2 .1 — 1.2 2.2 1.7 2.0 2 .1 1.4 2.2 1.7 1.8 • 7 2 .0 2 .2 .8 1.1 1.1 
1.8 • 9 1.4 1.2 2.0 • 3 1.9 1.3 1.5 .7 1.9 1.6 .7 • 9 .7 
1.2 .7 1.7 1.1 1.6 .1 1.8 1.2 1.3 .5 .1 1.5 • 5 .5 • 5 
.5 .2 .2 .2 1.5 .1 .2 1.1 .7 .2 .1 1.0 .3 .3 .2 
.1 .1 .2 .1 .1 - .1 .6 .4 .1 - .1 .1 • 3 .1 2.6 .8 .8 1.7 2.2 2.5 2.5 1.9 1.0 1.0 2.2 1.8 1.1 1.1 • 9 
1.2 .6 • 4 1.1 2.0 1.9 2.2 1.6 .4 1.0 1.6 1.3 1.0 1.0 .6 
1.4 .4 .3 • 9 1.6 1.5 1-3 1.2 .2 .6 1.5 .2 .9 .9 • 5 .8 .2 .2 .2 1.3 1*4 1.2 .7 .2 .5 1.1 .1 .7 • 5 .2 
.1 .1 .1 .1 .3 .1 .1 .5 .5 .1 .7- .3 . 1 
1 0 4 . 
TABLE 29 (continued;: 
F i r s t s e t of weekly tooassays - raw data. 
Week 6 
TCB TCM TCT TB TM TT WB WM WT LB LM LT PB PM PT 
1.4 1.3 2.3 1.6 1.8 2 .0 1.9 1 .9 1 .3 2.4 2 .2 1.6 1.5 1.6 1.3 
1-3 .9 1.1 1.4 1.2 2 .0 1.9 1.3 1.2 1 .9 2.0 1.0 1-7 1.1 1.0 
1.2 .7 1.1 1.3 1.0 .9 1.6 .1 .9 1.9 1.5 • 3 .7 .1 . 8 
1.1 .5 .5 . 8 .4 .4 1.3 . 1 .1 1.8 .1 .1 • 7 — . 7 . 
• 9 - .3 - .1 • £ .3 - .1 1.5 . 1 .0 .4 — .2 
1.3 2 .0 2 .1 2.4 1.8 2.0 2 .0 1.1 1.5 1 .7 1 .9 2.1 .9 1.2 1-3 
2.0 2 .0 1.0 2.2 1.0 1.1 1.9 1.0 1.1 1.5 1 .3 1.8 .7 1.0 1.4 
1.0 1.7 .9 1.0 1.0 .7 1.9 .5 . 8 1.5 . 9 1.8 • 5 1.0 .6 
.2 . 1 . 8 • 3 .7 .4 1.4 .5 .1 1.3 .7 1.0 .4 .1 .1 
.1 .1 • 3 .1 .2 .2 1.1 .1 .1 1.2 .4 . 7 .2 .1 .1 
2 .1 1.7 1.7 1.6 1 . 8 2.4 2 .0 2 .2 1.5 2.1 1.7 2.2 1.0 .7 1.5 
1.7 1.2 .5 1.6 1.2 .6 1.8 1.6 1.5 1.8 .7 1.5 .8 .7 .7 
1.4 .9 .4 1.1 .6 . 4 1-3 1.6 1.4 2.1 • 3 1.4 .7 .6 .4 
1.2 .6 .3 1.1 .1 . 1 .9 1.0 1.3 . 5 .1 .5 .7 .5 .2 
.1 .2 .1 .6 — — .1 .5 .6 - .1 .4 . 3 .4 • 5 
Week 7 
TCB TCM TCT TB TM TT WB WM WT LB LM LT PB PM PT 
2.4 2 .1 2.2 1.9 1.9 1.6 2.3 1.8 2.0 2.7 1.7 2.3 1.6 1.5 1.4 
1,6 1.6 2.0 - > 1 7 • • i 1 -\ • * 1 o r\ 1 i i • i Q . U C . i • 7 1.9 1.5 • 9 1.2 
.6 2 .7 2.0 .4 1.6 1.1 .9 .7 .6 2 .0 .9 1.2 1.5 • 5 .5 
• 3 1.4 .4 .1 .7 .1 .6 .4 1.6 .4 .7 i . i .4 .2 
.1 .6 .2 .1 - • 4 .1 - .1 1.4 .1 .1 1.0 .2 -
2.4 2 .1 2.3 1 /I 1.9 1 .9 1.7 1-5 1.9 2.5 2 .1 2 .4 1.4 1.7 1.1 
.4 1.4 2.2 .9 2 .0 1.7 1.6 1.1 1.4 1.6 2.0 2 .0 .6 1.5 .9 
.1 1.2 1.7 .6 1.3 . 8 1.0 .7 1.3 1.2 1.4 1.6 • 3 1.1 • 9 
• 1 .3 1.6 .5 .4 .7 .2 - .4 . .4 1.2 1.0 • 3 .6 .1 
• 1 .3 .3 - - . 1 .1 - • - .4 1.0 .3 .1 • 5 -
2.1 2.4 2 .1 2.5 2 .3 2 .0 1.9 2.5 2 .0 2 .1 1.8 1.5 1.8 1.3 1.5 
1.1 1.6 1.5 2.5 2 .4 1.6 1.8 1.6 2.0 .4 1.7 1.4 1 .3 1.1 1.1 
1.1 1.5 . 8 .7 1.8 1.6 1.8 1.5 1 .4 .1 1.6 1.3 1.2 .6 1.0 
1.1 .7 .7 .4 .6 1.7 • 5 1.1 1.4 .1 1.6 .6 1.0 .1 .5 
.7 - .7 • 9 .1 1.0 1.1 1.0 .3 . 8 .2 
TABLE 30; 105. 
Original bioassays: mean and standard deviation of shoot length; 
mean and standard deviation of shoot i n d i c e s . 
TCB TCM TCT TB TM TT WB WM WT LB LM LT PB PM PT 
Week 0 : 
Shoot length: mean .5 .8 • 7 •5 .6 • 7 1.1 .4 . 4 ' .6 .6 • 3 .7 •5 • 3 
standard 
deviation • 3 • 3 • 4 •3 .3 • 5 .4 • 3 • 3 .3 • 3 .2 .4 .2 .1 
Shoot ind i c e s : mean • 3 .8 .8 • 3 .4 .6 .6 • 3 • 3 • 5 • 7 .2 .6 .8 .6 
Standard 
deviation .2 .2 .3 . 2 .2 • 4 .2 .2 .2 .2 • 3 .1 • 3 .2 • 3 
Week 1 : 
Shoot length: mean 1.5 1.3 .9 .8 1.0 .6 1.2 • 9 • 5 1.0 .6 • 5 .8 • 7 .8 
standard 
deviation .7 '.7 .7 .4 .5 • 5 .6 .4 • 3 .6 .4 • 3 • 3 • 3 .2 
Shoot ind i c e s : mean .8 .9 .7 • 5 .6 • 5 .6 .6 • 4 .6 • 5 .4 .7 .8 1.0 
standard 
deviation • 3 • 3 .4 -3 • 3 • 3 • 3 • 3 .2 • 3 .4 .2 .2 .2 .0 
Week 2 : 
Shoot length: mean .7 .8 .5 •5 .9 • 9 1.0 .7 .5 .7 .6 .6 • 7 .6 .6 
standard 
deviation .4 .5 <4 - • • 7 K • J .6 • H .6 .4 .4 .4 • 4 
Shoot ind i c e s : mean • 5 .8 • 7 •3 .6 .6 .5 .4 ,3 • 5 .6 .4 .6 .8 .8 
standard 
deviation • 3 •3 • 3 »3 -4 .4 • 3 • 3 .3 .4 .4 • 3 • 5 • 3 • 3 
V/eek 3: 
Shoot length: mean .7 • 9 .8 1.2 .9 1.1 1.0 1.2 1.2 .9 .8 • 9 .6 .6 • 5 
standard 
deviation .4 .4 • 5 .6 .6 .6 .5 • 7 .6 .7 .6 • 5 • 3 • 3 • 3 
Shoot indices: mean .4 .8 .8 .8 .5 .8 . 5 - .7 • 7 .6 .6 .6 .6 .7 .9 
standard 
deviation .2 •3 • 3 • 3 • 3 • 3 • 3 .4 .4 .4 .4 .4 • 3 • 3 .2 
TABLE 50 I continued): 
(Original bioassays) 
106. 
TCB TCM TCT TB TM TT WB WM V/T LB ,LM LT PB PM PT 
Week 4 : 
Shoot length:mean 1.6 1.4 1.6 1.0 1.2 1-9 1.3 1.9 1.5 1.5 • 9 1.9 1.1 .8 1.0 
standard 
deviation • 9 .8 .8 .8 .9 .8 .8 . 9 • 9 .8 • 9 .7 .6 .6 .4 
Shoot i n d i c e s : 
mean .7 .8 .9 .6 .6 . 9 .7 .8 .7 .8 .6 • 9 .8 .8 . 9 
standard 
deviation .4 . 3 . 3 .4 - . 4 .2 .3 .3 .4 • 3 .4 .2 . 3 .4 .2 
Week 5 : 
Shoot length:mean 1.1 .8 .9 1.1 1.4 1.0 1.1 1.1 1.0 .7 1.2 1.0 .6 .6 . 5 
standard 
deviation .8 .6 .7 .7 .7 .8 .9 .5 .8 .7 .7 .8 • 3 .4 .3 
Shoot indi c e s : 
mean .6 .7 .7 .7 .8 . 6 • 5 .7 .6 • 5 .8 .6 .6 .8 .7 
standard 
deviation .4 .4 .3 .3 .4 .4 .4 .3 .4 • 3 • 3 .4 .3 .3 • 3 
Week 6 : 
Shoot length:mean 1.1 I.O .9 1.2 .9 1.0 1.4 1.0 -9 1.7 .9 1.1 .7 .7 .7 
standard 
deviation .6 = 7 .7 .7 .6 .8 .6 .7 .6 .5 .8 .7 .4 .5 .5 
Shoot i n d i c e s : 
mean .7 .8 .8 .8 .6 .6 .8 .6 .6 • 9 • 7 .7 .6 .8 .8 
standard deviation • 3 .3 • 3 .3 • 3 .4 • 3 .4 .4 .2 .4 .4 • 3 • 4 • 3 
Week 7 : 
Shoot length:mean .9 l.4 1.4 1.0 1.5 1.2 1.1 1-3 1.2 1-3 1.3 1.2 1.0 .9 .8 
standard 
deviation .8 .8 .8 .8 .8 .6 .8 • 5 .7 . 9 .6 .7 .5 • 5 • 5 
Shoot i n d i c e s : 
mean .5 .9 • 9 .5 .8 .8 .6 .8 .7 .7 .9 • 7 .8 .8 . 9 
standard 
deviation • 3 .2 .2 .3 • 3 • 3 .4 .2 • 3 .4 • 3 .3 • 3 • 3 • 3 
TABLE 51: 
Log of 2,4-D concentrations i n p.p.m. of weekly b i o a 3 s a y s as 
calculated using o r i g i n a l controls for 3hoot in d i c e s . 
Wk 0 Wk 1 Wk2 Wk 5 Wk 4 Wk 5 Wk.6 Wk 7 
TCB 1.90 0.47 1.41 1.50 0.66 1.09 | 0 . 8 7 1.30 
TCM 0.73 O.65 0.98 0.81 O.76 1.16 0.97 O.63 
TCT 1-35 1.91 . 1 .88 1.29 0.99 1.79 1.43 0.93 
TB 1.76 1.32 1.74 0.73 1.21 0.88 0.80 1.26 
TM 1.41 0.91 1.02 1.05 0.89 0.45 1.02 0 .43 
TT 0.95 1.26 0.84 0.55 0.12 0.84 0.97 0.45 
WB 0.83 0.74 0.93 0.97 0.70 0.97 0.48 0.91 
WM 1.73 0.84 1.23 0.48 0.13 0 .51 0.88 O.38 
WT 1.84 1.61 1.66 0.81 O.76 1.14 1 .00 0.75 
LB 1.14 0.75 1.16 0.91 0.41 1.16 0.07 0.60 
LM 1.12 1.52 1.45 1.23 1.35 0 .60 1.17 O.38 
LT 1-75 1.33 1.24 0.82 0.05 0.87 0.70 0.54 
PB 1.41 1.26 1.38 1.59 0.90 1.74 1.48 O.83 
PM 7-59 5.61 6.27 8.49 6.93 6.93 7.20 4 .92 
PT 3-96 0.33 2.36 1.46 0.87 2.97 2.09 1.57 
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Figure 58 : 
Table 4 6 : 
Table 4 7 : 
Bioassays 108. 
raw data for f i r s t weekly bioassays. 
means and standard deviations from data i n table 29« 
log values of 2,4-D concentrations from o r i g i n a l bioassays. 
weekly bioassays using o r i g i n a l controls, with log values 
of 2,4-D concentrations - Thrislington Common. 
weekly bioassays using o r i g i n a l controls with log values 
of 2,4-D concentrations - t u r f . 
weekly bioassays using o r i g i n a l controls, with log values 
of 2,4-D concentrations - wood. 
weekly bioassays using o r i g i n a l controls, with log values 
of 2,4-D concentrations - loam. 
weekly bioassays using o r i g i n a l controls, with log values 
of 2,4-D concentrations - peat. 
act u a l values of 2,4-D concentrations from o r i g i n a l bioassays. 
best s t r a i g h t l i n e f i t s through period of decline of 2,4-D 
concentration i n s o i l s . 
weekly controls - raw data. 
weekly controls - means and standard deviations, 
second s e t of weekly bioassays - raw data. 
second s e t of weekly bioassays - means and standard deviations, 
log. values of 2,4-D concentrations from second bioassays. 
ac t u a l values of 2,4-D concentrations from second bioassays. 
comparison of wet and dry s o i l s - raw data. 
comparison of wet and dry s o i l s - means and standard deviations. 
log. values of 2,4-D concentrations using o r i g i n a l controls 
for data from wet s o i l / d r y s o i l comparison. 
act u a l values of 2,4-D concentrations using o r i g i n a l controls 
for data from wet s o i l / d r y s o i l comparison. 
log. values of 2,4-D concentrations using weekly controls 
for data from wet s o i l / d r y s o i l comparisons. 
act u a l values of 2,4-D concentrations i n table 44 . 
'comparison of wet and dry s o i l from Thrislington Common: 
wet s o i l using weekly controls for c a l c u l a t i o n s . 
comparison of wet and dry s o i l from Th r i s l i n g t o n Common: 
dry s o i l using weekly controls f or c a l c u l a t i o n s . 
bioassay r e s u l t s f o r 2,4-D solution. 
r e s u l t s from Thrislington Common f i e l d experiments -
raw data. 
Figure 52; weekly bioassays using o r i g i n a l controls, with log. 
values of 2,4-D concentrations - Thrislington Common. 
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Figure 55s weekly bioassays using o r i g i n a l controls, with log. 
values of 2,4-D concentrations - t u r f . 
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Figure 54: weekly bioassays using o r i g i n a l controls,, with log. 
values of 2,4-D concentrations - wood. 
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Figure 55 : weekly bioassays using o r i g i n a l controls, with log. 
values of 2,4-D concentrations - loam. 
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Figure 36 ; weekly bioassays using o r i g i n a l controls, with log. 
values of 2,4-D concentrations - peat. 
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TABLE 52: 
Actual 2,4-D concentrations i n p.p.m. of weekly bioassay 
as calculated using o r i g i n a l controls for shoot ind i c e s . 
S o i l Type Wk 0 V/k 1 Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk. 7 
TCB 79-4 2 .9 25.7 31.6 4 .6 12 .3 7.4 20 .0 
TCM 5.4 4 .5 10 .0 6.5 5.8 14.4 9.3 4 -5 
TGT 22.4 81.3 75.9 19.5 9.8 61.6 26.9 8 .5 
TB 57.5 20 .9 55.0 5-4 16.2 7.6 6 .3 18 .2 
TK 25.7 8 . 1 10.5 11.2 7.8 2.8 10.5 2 .7 
TT 8 . 9 18 .2 6 .9 3-5 1.3 6 .9 9.3 2.8 
WB 6.8 5.5 8.5 9-3 5.0 9 .3 3.0 8 .1 
WM 55.7 6 .9 17.0 5-0 1.3 3-2 7.6 2.4 
WT 69.2 40 . 7 45 .7 6.5 5.8 13.8 10 .0 5.6 
LB 13.8 5.6 14 .5 8 .1 2 .6 14 .5 1.2 4 .0 
LM 13.2 33-1 28 .2 17.0 22.4 4 . 0 14.8 2.4 
LT 56.2 21 .4 17.4 6 .6 1.1 7.4 5 .0 3.5 
PB 25 .7 18 .2 24 .0 38 .9 7.9 55 .0 30.2 6.8 
115. 
TABLE 53: 
Attempts to draw s t r a i g h t l i n e s through the parts of the 
graphs of ac t u a l 2 , 4 - D concentration ("based on o r i g i n a l controls) 
against time i n weeks where 2 , 4 - D concentration i s declining. 
Best s t r a i g h t l i n e f i t given by 
y = A, + A., x o 1 
where y i s 2,4-D concentration and x i s time i n weeks, the f i t i s 
s i g n i f i c a n t ( l e s s than 0 . 1 ) i n a l l cases. 
S o i l Number A A C o e f f i c i e n t of 
type of points A 0 A 1 c o r r e l a t i o n ( r ) 
TCB 4 5 3 - 0 3 - 1 2 . 0 7 0 . 4 9 
TCT 7 5 2 - 3 4 - 3 . 2 9 0 . 2 4 
TB 3 4 5 - 7 2 - 1 . 2 5 0 . 0 6 
WT 3 63.62 - 1 1 . 7 5 0 . 7 7 




Shoot length of wheat i n cm. 
Bioassay week 4 Controls Raw data 
TCB TCM TCT TB TM TT WB WM WT LB LM LT PB PM PT 
.3 2 .2 2.7 2 .7 2 . 5 2 .2 3.0 2.7 2 .1 2 .6 2 .7 2 .3 .9 1.4 1.0 
.5 3-1 2.5 2 .1 2 . B 2 .4 2 .4 2 .4 .4 2.8 2.3 2 • 4 .9 1.3 • 5 
2.2 1.4 2.4 1.8 2.8 1.7 1.8 1.9 2.3 2 .4 1.5 2.5 .6 1.2 .1 
2.8 .5 2 .4 .1 1 . 4 1.5 .4 .1 1.4 2 .3 1.6 1 • 9 .6 1.1 .1 
1.0 - .9 .1 .8 .9 .2 .1 - .1 .1 1 .7 .6 .1 .1 
2.4 2 .5 1.6 - - - 1.7 1.9 2.2 - - 1.4 1.2 .1 • 3 
1.7 2 .0 1.4 - - - .8 1.4 1.6 - - 1.0 • 9 1 .2 
1.2 2.2 .6 - - - .2 .1 1.5 -. • - 1.0 .8 1 .2 .8 2 .0 .4 - - - .1 - .7 - • - .8 • 5 .9 
.5 1.5 .8 - - - .'1 - .5 - - .7 • 5 .6 
2 .1 1.8 2 .4 - - - 2.1 2.0 - - • - 1.1 1.2 •1 .0 
.3 1.6 2 .0 - - - 1.8 1.4 - - - .6 • 5 1 • 5 
.1 1.1 2 .1 - - - 1.8 1.1 - . - . 9 .7 .7 
,6 1.6 - - - 1..4 .1 - - - • 3 .7 .1 
.1 1.9 — — — . 1 - - - .2 .1 .1 
Bioassay week 5 Controls Raw data 
TCB TCT TCM TB TM TT WB WM WT LB LM LT PB PM PT 
1.9 2 .2 1.6 1.7 2 .0 1.7 2 .1 1.0 1.6 1.7 1.9 1.4 1.0 1.0 1.3 
.9 2 .1 1.9 2 .3 1.8 1.8 1.6 .3 1.8 1 . 5 1.8 1-3 .9 .9 1.2 
.1 1.7 1.7 1.1 • 7 1.9 1.6 .1 1.6 1.5 1.4 .8 • 3 . 3 1.0 
.1 1.7 1.3 1.1 .6 1.1 .6 .1 1.1 .6 • 5 • 4 .2 .3 .5 
.1 - .7 •5 - .2 - 1.2 .1 .5 - .2 .1 .4 
1.1 1.3 1.6 - - - 1.6 1.5 1.7 - - 1.3 .7 1.5 
1.1 1.2 1.4 - - - 1.8 1.1 1.4 - - 1.0 .7 1.0 
,8 1.0 . 9 - - - .8 .2 1.3 - - .9 • 5 1.0 
.6 1.0 .2 - - - 1.1 .1 1.1 - — - .6 .6 .2 
- .9 .2 — — — .5 .1 1.1 — — — .6 • 3 .0 
Bicassay week 6 Controls Raw data 
• 
TCB TCM TCT TB TM TT WB WM WT LB LM LT PB PM PT 
2.2 1.2 1.9 1.9 1.7 .8 .5 .7 2 .0 1.9 1.0 1.6 1.2 1.0 1.6 
1.4 1.1 .7 1.7 1.7 .6 .4 .9 2 .1 1.0 1.3 • 9 .8 • 9 1.1 
1.0 .9 .9 1.7 1.1 • 5 .3 .5 2 .0 .8 1-3 .7 .6 1.2 .9 
1-3 .7 .3 • 9 .2 .1 .1 .1 .6 1.2 .1 1.1 .4 . 9 .9 
. 2 . 1 .5 - . 1 - - - .1 - .3 .1 • 5 . 6 . 
2 .5 1.7 1.0 - - .- 2.6 2.2 2 .4 - - - 1.4 1.1 1.2 
2.5 1.6 .7 - - - 1.8 2.0 2 .0 - - - 1.2 1.1 1.1 
1.4 1.5 .3 - - - 1.0 1.5 1.8 - - - 1.1 .7 .7 
.4 .9 .2 - - - . 1 - 1.7 - - - 1.1 .1 .9 
.3 -7 .2 — •1 " -3 — .3 .1 — 
Bioassay week 7 Controls Raw data 
TCB TCM TCT ' TB TM TT WB WM WT LB LM LT PB PM PT 
2.0 2.0 2.2 1.9 1.5 1.8 1.8 1.5 2 .2 1.4 1.9 1.4 1.2 1.0 .8 
1.3 1.8 1.9 1.5 1.4 1.2 1.3 1.4 1.8 1 . 3 1.1 1.0 .8 .8 .6 
.4 .6 1.5 1.3 1.0 1.0 .6 1.0 1.7 1.1 1.1 .7 .6 .8 .4 
.3 .6 1.1 .9 .8 .7 .1 .9 1.4 • 7 1.0 .6 .1 .2 .4 
- .5 .8 .7 • 3 .3 .2 .1 - .2 - .1 .1 .1 
1.1 2 .3 1.8 - - - 1.9 1.8 2 .0 - - - 1.4 .8 .8 
.6 1.0 1.2 - - - 1.8 1.1 1.9 - — - .6 .8 .7 
.5 -9 .6 - - - 1.7 .6 1.6 - - - • 4 • 7 .6 
.3 .4 .5 - - - 1.7 .4 1.6 - - - • 3 .7 .5 
TABLE 55i 
Controls. - mean and standard deviations and shoot indices means and 
standard deviations. 
TCB TCM TCT TB TM TT WB WM WT LB LM LT PB PM PT 
Week 4 Mean 1.2 1.6 1.7 1.3 2 .1 1.7 1.2 1.2 1.4 2.0 1.6 2.2 .8 .8 .7 
standard 
deviation .9 .8 .7 1.1 • 9 .6 1.0 1.0 .7 1.1 1.0 .3 .3 .4 .5 
Week 5 Mean .8 1.3 1.2 1.4 1.1 1.6 1.2 .5 1.4 1.1 1.2 1.0 . 7 .5 .8 standard * • • i 
deviation .6 .6 .6 .6 .7 .4 .6 .5 • 3 .7 -.7 .5 .4 .4 .5 
Week 6 Mean 1.4 1.1 .6 1.3 1.2 .4 .8 1.1 1.7 1.0 .9 .5 .8 .8 1.0 
standard 
deviation .8 . 5 .5 .6 .7 .3 .9 .8 .7 .7 .6 .6 • 4 .4 .3 
Week 7 Mean .9 1.0 1.2 1.3 1.0 1.0 1.4 1.0 1.6 1.1 1.1 .9 .6 7 
standard 
e f • J 
deviation .8 .7 .6 • 5 .5 .6 .7 .5 .6 • 3 .6 .4 .5 .3 . 2 
TABLE 36; 118. 
Second set of weekly bioaasays - raw data. 
Wheat shoot length i n cm. 
Week 0 : 
TCB TCM TCT WB WM WT PB PM PT 
1.1 2.1 1.5 1.2 2.0 1.7 1.9 1.2 .8 
1-3 1.7 .9 1.5 1.8 1.3 1.8 1.0 • 7 
1.1 1.2 .2 • 9 1.9 1.0 1.7 .2 • 7 
1.0 .7 .1 .6 .4 .7 1.1 .1 . .4 
.2 • 3 .1 - . - .1 .9 .1 .2 
.9 1-3 1.4 .2 2.5 2 .1 1.3 1.7 .7 .8 .3 1.2 .1 2.2 1.6 1.2 1.0 .7 
.6 .1 1.1 1.6 .2 1.4 .8 1.2 .7 .8 .1 .7 1.8 .1 .9 1-3 .7 .8 
.2 - .7 2 .0 .1 .1 .1 • 3 .1 .8 2.1 2.4 2 .2 1.3 1.0 .8 • 9 .8 
.9 1.1 1.9 2 .3 1.3 1.1 .9 .9 .7 
.4 1.6 1.5 2 .2 .6 1.0 .1 .0 1.6 .8 
.2 1.4 .4 1.8 .8 .9 1.0 .1 • 4 
1.0 .4 2 .4 '.8 .8 .4 - -
Week 1 : 
TCB TCM TCT WB Ml WT PB PM PT 
1.4 1.1 1.7 1.3 "1.1 1-3 1.1 1.0 .6 
1.3 .6 1.4 1.1 1.0 2 .1 • 7 1.0 • 4 
.6 .6 1.2 1.0 ' .8 1.0 • 3 .6 .1 
• 9 .6 .9 • 5 .7 • 9 • 5 .1 . 1 
.6 • 5 .1 .1 - .1 .1 - .1 
1.2 1-9 2,1 1.9 1.1 1-3 1.0 .7 .7 
1.1 1.7 2.0 1.2 • 4 1.0 1.1 1.0 .9 
1.0 1.5 1.7 1.0 •3 .5 • 5 .6 •5 
.1 • 3 1.6 .4 • 5 .7 • 9 • 3 .4 
.1 .2 .7 .1 . 1 .4 .1 .1 .2 
1.2 1.9 1.6 1.5 1.5 .7 1.3 .8 .7 
1.1 1.6 .6 1.3 1.6 .9 1.2 .6 .8 
1.0 1.6 • 3 .9 1.3 .6 . ; .6 • 3 .7 
.1^ . 9 .T .4 1.5 .2 .9 .2 • 7 
.1 .3 .1 .1 .1 - .1 - .4 
Week 2 ; 
TCB TCM TCT 
1.8 1.7 1.8 
.6 1.2 1.7 
• 9 .6 1.5 
.6 • .5 1-5 - .2 1.5 
1.7 .9 1.7 
1.6 .2 1.0 
1.0 .2 .6 
.8 .1 .2 
1.3 1.8 1.5 
1.0 1.2 .6 
• 9 1.0 .4 
.8 .2 .6 
.6 - .5 
WB WM WT 
2.2 1.7 
1.8 1.5 1.1 
1.8 1.4 1.0 
• 5 1.3 .7 
.1 • 3 .2 
1.9 1.8 1.6 
1.8 1.4 • 7 
1.2 1-3 .7 
.7 .5 .7 
.1 - .2 
1.4 1.5 1.0 
1.3 1.5 .9 
1-3 1.5 .6 
.6 .6 • 4 
.6 .6 .1 
PB PK PT T70 TT2 
1.0 1.5 .3 
.8 .7 .3 
.6 .6 .2 
.6 .1 .2 
.8 1.8 1.6 
1.2 1.3 1*1 
• 9 1.2 .7 
• 5 .7 .8 
.8 .5 .4 
2.3 1.3 .7 
1.3 1.0 .9 
.3 .8 .4 
.1 .7 • 5 
.1 .1 -
TABLE^56 (continued): 119. 
Second set of weekly bioassays - raw data. 
Week 3s 
TCB TCM TCT 
1.8 1.0 1 .9 
.7 • 9 .6 
.9 .8 .4 
• 3 .8 .4 
.1 • 3 
1:? 2.1 1.6 1.0 1.0 
1.1 .9 1.0 
.8 .9 .3 
.4 - -
1 .5 1 .6 1.5 
1.2 1.2 1.2 
.9 .6 1.2 
.1 .3 1.2 - .1 .7 
WB WM WT 
2.3 1.6 .3 
2 .0 1.6 .2 
1.9 .5 .1 
1.8 . 1 .1 
.3 .1 .1 
2 .4 1.4 1.7 
2.3 1.3 1.4 
1.1 1.1 1.2 
1.0 .7 1.1 
.9 - .4 
2 .6 1.3 2.3 
1.6 1.1 1.9 
1.5 .9 1.8 
1.4 .8 1.5 
.2 - .4 
PB EM PT 
1.4 1.2 1.2 
1.1 1.0 . .9 
1.0 • 9 .7 
.5 .7 • 5 
.4 .6 .4 
1.3 1.2 .8 
1.2 1.2 .8 
1.0 .6 .7 
.8 .2 .5 
.2 .1 -
1.9 1.0 .8 
1.0 .9 .8 
.6 .6 .7 
.3 .1 .6 
.1 - .5 
Weeks 4 - 7 as for f i r s t s e t of bioassays. 
TABLE 57: 
Second set of weekly bioassays. Mean and standard deviation of 
wheat shoot length i n cm; mean and standard deviation of shoot 
indices calculated from weekly controls. 
TCB TCM TCT WB WM WT PB PM PT 
Week 0 L ! 
Shoot length mean • . 7 / 1.1 1.0 1.5 1.1 1.0 1.1 .8 .6 
standard deviation .4 .7 .7 .8 .8 .5 .5 .6 .2 
Shoot index mean .6 .6 .5 .8 .7 .7 . 9 . 7 .8 
standard deviation • 3 .4 • 3 .3 .4 .3 .2 .4 . 5 
Week 1 
Shoot length mean .8 1.0 1.1 • 9 .9 .8 .7 .6 • 5 
standard deviation • 5 .6 .7 .6 • 5 .5 .4 .3 • 3 
Shoot index mean .7 .7 • 7 .6 .8 .6 .7 .8 .6 
standard deviation .4 .3 .4 • 4 • 3 .3 .4 . 3 .3 
Week 2 
Shoot length mean 1.0 .8 1.1 1*2 : 1.2 . .8 .8 • 9 .7 
standard deviation .4 .6 .6 .7 .5 .4 • 5 • 5 .4 
Shoot index mean .7 .6 • 9 .8 .8 .5 .8 ,8 ,6 
standard deviation .2 .4 .2 • 3 ' .3 .3 .3 .3 .3 
Week 3 
Shoot length mean 1.0 .9 • 9 1.6 1.0 1.0 • 9 .7 .7. 
standard deviation .6 .5 .5 .7 .5 .8 .5 .4 .2 
Shoot index mean .7 .7 • 7 .8 .8 .6 .8 . 9 1.0 
standard deviation .4 • 3 .3 .3 • 3 .4 • 3 .2 .06 
Week 4 
Shoot length mean 1.6 1.4 1.6 1.3 1.9 1.5 1.1 .8 1.0 
standard deviation • 9 .8 .8 .8 . 9 .9 • 6 . .6 • 4 
Shoot index mean .8 .7 .8 .8 . 9 .7 .8 .7 . 9 
standard deviation .4 .4 . 3 .3 • 3 .4 • 3 .4 .2 
.TABLE 57 (continued): 
Second set of weekly bioassays. Means and standard deviations of 
shoot lengths and in d i c e s . 
TCB TCM TCT WB WM WT PB PM PT 
Week 5 
Shoot length mean 1.1 .8 1.2 1.1 1.1 1.0 .6 .6 • 5 
standard deviation • 8 .6 .7 . 9 .5 .8 .3 .4 .3 
Shoot index mean .7 • 5 .6 .6 . 9 .6 .8 .8 .5 
standard deviation .4 • 3 .4 .4 .2 .4 .3 • 3 • 3 
ft'eek 6 
Shoot length mean 1.1 1.0 • 9 1.4 1.0 .9 .7 .7 . 7 
standard deviation .6 • 7 .7 .6 .7 .6 . 4 .5 .5 
Shoot index mean .7 .7 .8 .9 .7 .5 .8 .7 .6 
standard deviation • 3 .4 .3 • 3 .4 • 3 .3 •4 .4 
Week 7 
Shoot length mean • 9 1.4 1.4 1.1 1.3 1.2 1.0 . 9 .8 
standard deviation ,8 .8 .8 .8 .5 .7 .5 .5 .5 
Shoot index mean .6 .8 .8 .6 .9 .7 • 9 • 9 .8 
standard deviation .4 • 3 .3 .4 . 1 . • 3 • 3 .2 .3 
TABLE 58:. 
Log of 2,4-D concentrations i n p.p.m. of weekly bioassays 
using weekly controls for shoot i n d i c e s . 
Wk 0 Wk 1 Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk 7 
TCB 1.03 0 . 6 7 0 . 8 0 0 . 6 2 0 . 5 3 O.63 0 .71 0 . 9 2 
TCM 1.41 1 . 2 8 1 . 4 8 1 .05 1 . 0 8 1.65 1.16 0 . 7 3 
TCT 2 . 9 7 2 . 1 1 0 . 9 2 2 . 0 3 1.69 2.55 1.55 1.65 
WB 0 . 5 3 0 . 7 2 0 . 3 3 0 . 3 0 0.44 0 . 7 3 0.16 0 . 7 9 
WM 0 . 6 2 0 . 1 4 0 . 1 4 . 0 . 3 1 0.07 - 0 . 1 5 0.62 - 0 . 0 7 
WT 0 . 8 5 1 .14 1 - 3 9 1 .17 0.76 1 . 1 2 1.19 0 . 8 6 
LB 0 . 3 3 0 . 9 9 0 . 8 7 0 . 5 9 0 . 6 8 0 . 8 8 0.91 0 . 4 4 LM 9 . 1 8 7 . 5 3 5 . 3 1 3 . 6 9 8 . 3 7 6 . 1 2 9.00 2 . 2 8 
LT 1 . 8 2 3 . 8 5 3 . 7 9 0.50 1 . 1 2 4.46 3 . 7 3 1 .76 
TABLE "59: 
Actual 2,4-D concentrations i n p.p.m. of weekly bioassays 
as calculated using o r i g i n a l controls'for shoot i n d i c e s . 
123. 






















Significance of conversion graph too low 
2.1 5 . 2 2 .1 2.0 2.8 5.4 
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Significance of conversion graph 
















TABLE 4 0 : 
Comparison of wet and dry s o i l s 




Wet s o i l 
TCB TCP". TCT TCB TCM TCT 
1.4 1.0 .6 • 3 1.4 1.2 1.0 .9 1.2 • 4 1.0 1.2 
• 9 • 9 1.2 .2 1.0 .2 
.2 .7 .1 .2 .6 .1 
• 5 - - - .1 .1 
.8 1.0 1.0 .8 1.8 .9 
• 5 1.0 1.0 • 3 • 9 .7 
.5 1.0 1.0 • 5 • 4 .6 .1 .2 .7 • 5 1.0 • 3 .1 .1 .1 - .6 .2 
1.6 1.2 1.2 .6 1.3 1.2 
1.4 1.2 1.0 .4 .6 1.1 
1.1 • 9 .9 .2 .7 1.3 .1 .6 .4 .2 .2 .1 
• 3 .2 .1 .1 .1 
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Dry s o i l 
TCB 
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TABLE 40 (continued): 
Comparison of wet and dry s o i l s - raw data. 
Week 2 
Wet s o i l Dry so: L l 
TCB TCM TCT TCB TCM TCT 
1.6 1.5 1.5 1.2 2.4 2 .0 
. 7 .8 1.3 1.1 2.1 1.4 
.6 .6 .6 .6 .9 1.4 
.5 .6 .3 • 7 • 5 .6 
.2 • 5 - • 3 .1 .5 
1.0 .8 1.0 .9 2 .0 1.5 
1.2 .6 .7 .8 1.5 1.1 
.2 .5 .6 .6 1.4 • 3 
.2 .3 .4 1.0 1.3 .2 
.2 .3 .1 .2 .1 -
1.1 1.5 1.0 • 9 1.7 1.9 
.7 .9 .6 .8 1.0 1.9 
• 7 .6 .4 .7 .7 1.7 
.2 .6 .4 • 7 .1 1.6 
.1 . . 4 : .2 : .1 .1 1.5 
Week 5 
Wet s o i l Dry S 6 J T L J . 
TCB TCM TCT TCB TCM TCT 
1.0 1.7 1.6 1.1 1.0 1.3 
1.0 1.5 1.4 .7 .9 1,2 
.e 1.1 1.1 .6 .1 .6 
.7 1.1 1.1 .5 — . . .5 
.4 - .6 -5 - .2 
• 9 1.4 1.7 -5 1.2 1.9 
.6 1-3 1.2 • 4 .9 1.8 
.5 1.2 1.0 .1 • 5 1.2 
• 5 .7 1.0 .0 .2 .4 
. 2 .4 .8 .1 . 0 
1.2 1.4 1.9 1.0 1.5 1.1 
1.1 1.1 .8 .7 1.1 .6 
.6 1:0 .2 • 7 1.2 .2 
• 3 .5 .1 .2 .3 .1 
. 4 .1 .1 .1 .1 
126. 
TABLE 41.; 
Comparison of wet and dry s o i l s . Mean and standard deviations of 
shoot length i n cm; mean and standard deviations of shoot indices 
calculated from o r i g i n a l controls. 
TCB 
Wet 
TCM TCT TCB TCM TCT 
Week 0 
Shoot length : mean .7 .8 .8 .4 .8 .6 
standard deviation • 5 .4 .4 .2 • 5 .5 
Shoot indices : mean •4 .8 .8 .2 • 5 .5 
standard deviation .3 .3 .3 .1 • 3 .4 
Week 1 
Shoot length : mean 1.0 .9 1.0 1.0 1.1 1.2 
standard deviation .6 ' .6 .6 .5 .7 .7 
Shoot indices : mean .6 .7 .9 .7 .7 .8 
standard deviation .3 .4 .2 .3 • 3 .3 
Week 2 
Shoot length : mean .6 .7 .7 ,7 1.1 1.2 
standard deviation • 5 .4 .4 . 5 .8 .6 
Shoot indices : mean .4 .7 .8 .5 .6 .8 
standard deviation . X • s O * c •J .2 • 4 .3 
Week 3 
Shoot length : mean .7 . i.O 1=0 .5 .8 • / 
standard deviation • 3 .5 .6 • 3 • 5 .6 
Shoot indices : mean .4 .9 .8 .4 • 5 *5 
standard deviation .2 .3 .3 .2 • 3 •4 
TABLE 42l 
Log. of 2,4-D concentrations i n p.p.m. of wet/dry s o i l 
comparison, as calculated using o r i g i n a l controls for shoot i n d i c e s . 
Wk 0 Wk 1 Wk 2 Wk 3 
TCB 1.44 1.09 1.64 1.52 
WET TCM 0.84 1.10 1.05 0.68 
TCT 1.42 0.89 1.52 1.25 
TCB 2.06 1.07 1.48 1.81 
DRY TCM 0.47 0.28 0.28 0.55 
TCT 0.41 0.41 0.41 0.41 
128. 
•TABLE 45; 
Actual 2,4-D concentration i n p.p.m. of wet/dry a o i l comparison, 
as calculated using o r i g i n a l controls f o r shoot i n d i c e s . 
Wk 0 Wk 1 Wk 2 Wk 5 
TCB 27.5 12.3 43-7 33.1 
WET TCM 6.9 12.6 11.2 4.8 
TCT 26.3 7.8 33.1 17.8 
TCB 114.8 11.7 30.2 64.6 
DRY TCM 2.95 . 1.9 1.9 3.4 
TCT 2.6 2.6 2.6 2.6 
TABLE 44; 
Log. of 2,4-D concentrations i n p.p.m. of. wet/dry s o i l 
comparisons, as calculated using weekly controls for shoot i n d i c e s . 
1 0 1 1 Wk 2 Wk 3 
WET 
TCB 1.44 0.85 1.26 1.52 
TCM 0.84 1.57 1.70 0.79 
TCT 1.42 2.58 3.07 1.28 
DRY • 
TCB 2.06 0.58 0.32 1.70 
TCM 0.47 1.15 1.54 1.20 
TCT 0.41 2.41 0.48 3.05 
130. 
TABLE 45*8 
Actual 2,4-D concentrations i n p.p.m. of wet/dry s o i l comparison, 
as calculated using weekly controls for shoot i n d i c e s . 
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131. 
Figure ?7i comparison of wet and dry s o i l from Thrislington Common1 
wet s o i l using weekly controls f or c a l c u l a t i o n s . 
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TIME IN WEEKS 
132. 
Figure 58t comparison of wet and dry s o i l s from T h r i s l i n g t o n Common: 
dry s o i l using weekly controls for c a l c u l a t i o n s . 
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TABLE 46: 
Bioassay r e s u l t s f or 100ppm 2,4-D solution l e f t i n containers i n 
greenhouse on 25th June. 
Week 0 Week 1 Week 2 
Wheat shoot .5 .2 ,1 
growth i n cm. .2 .1 .1 
.2 .1 .1 
.2 .2 ,1 
.0 .2 .1 
.3 .2 , 1 
.6 .2 .1 
.2 .1 .1 
.2 .0 ,1 - .1 .1 
. .4 .1 .1 
.1 .1 . 1 
.2 .2 .1 
.2 .1 .1 
• 3 .1 
Mean .3 .13 Standard 
deviation .14 .06 .0. 
TABLE 47: 134. 
Results from Thrislington Common f i e l d bioassays. 
1st spraying - 31st May 












Length of 1.1 .5 .0 .1 • 9 
shoot i n cm. .4 .0 .0 .0 .8 
.6 • 5 .0 .0 .8 
1.0 .0 .0 .7 
. 5 .0 .4 .05 
Mean length .7 • 5 .0 .1 .7 
i n cm. 
Standard .4 .4 .0 .2 .3 
deviation 





Bioassay 2 Wheat and cucumber seeds s e t to germinate on 13th June, s et up 
on s o i l s f o r bioassay on 15th June, and measured on 17th June. 
The growth i n cm. of the wheat shoot and cucumber r a d i c l e between 









Wheat shoot - growth i n cm. . 1.6 2.0 1.7 3.5 
.9 .6 .4 2.0 
Mean of wheat shoot growth 
i n cm. 1.3 1.5 1.1 2.8 
Standard deviation .5 1.0 .9 1.1 
Mean of growth i n cm. of sprayed 




Cucumber r a d i c l e - 5-2 1.9 — 4.9 growth i n cm. 3.7 .5 1.3 
Mean of cucumber growth 







Mean growth i n cm. of sprayed 




TABLE 47 (continued): 135-
Results from Thrislington Common f i e l d Mo assays. 
In the following bioassays i n t h i s Appendix ungerminated wheat seeds were 
placed on the s o i l s to be assessed, and the growth i n cm. of the shoot 
measured a f t e r 3 days. 
2nd Spraying - 27th June 
Bioassay 1 Seeds measured on 8th J u l y . 
Control Control Sample 1 Sample 2 Sample 3 
(unsprayed) (unsprayed) (sprayed) (sprayed) (spraved) 
Length of wheat 3-1 1.0 1.4 1.6 1.5 
shoot i n cm. 2.0 1.7 1.7 1.6 .4 
2.1 2.1 1.7 1.6 .6 
1.7 1.2. .5 .2 .4 
1.2 - .8 .3 -
Mean 2.0 1.5 1.2 1.1 .7 
Standard deviation .7 . 5 .5 .7 .5 
Means of controls, 
or sprayed samples 1.8 1.0 
taken together 
Standard deviation .6 .6 
Bioassay 2 Seeds measured on 15th J u l y . 
Control Control Sample 1 Sample 2 Sample 3 
Length of wheat 




































_ / 7 
Means of controls, 







Bioassay 3 Seeds meai sured on 23rd J u l y . 
Control Control Sample 1 Sample 2 Sample 3 
Length of wheat 





































Means of controls, 






TABLE 47 (continued): 136. 
Results from T h r i s l i n g t o n Common f i e l d bioassays 
2nd Spraying - 27th June - continued. 
Bioasaay 4 Seeds measured JQth July. 
Control Control Sample 1 Sample 2 
Length of wheat shoot 1.0 2.4 2.3 1-4 
i n cm. .1 2.0 2.6 1.9 - .1 1.8 .9 
— .1 .1 • 9 - .1 .1 .1 
Mean .6 • 9 1.4 1.0 
Standard deviation .6 1.2 1.2 .7 
Mean of controls, or 
sprayed samples .8 1.2 
taken together 
Standard deviation 1.0 .9 
Jrd Spraying - 27th July. 
Bioassay 1 Seeds measured 6th August. 
Control Control Sample 1 Sample 2 Sample 3 
Length of wheat shoot 1.7 1.8 1.5 1-7 1.4 i n cm. 1.2 1.5 .7 1.4 1.1 
1.1 1.4 .7 1.1 1.1 
1.1 1.3 .1 • 5 • 3 
.7 .5 - .0 .2 
Mean _ 1=2 1.3 .0 .9 .6 Standard deviation .4 .5 .6 .7 .5 
Mean of controls, or 
sprayed samples 
taken together 1 • .8 
Standard deviation .4 .6 
Bioassay 2 Seeds measured 13th August. 
Control Control Sample 1 Sample 2 Sample 3 
Length of wheat shoot 2.1 2.3 2.1 2.1 1.4 i n cm. 1.8 2.0 2.0 1.8 1.8 
1.1 1.4 1.8 1 .9 1.0 
.9 1.1 1 .7 .2 2.1 
• 9 .5 .1 .1 .9 Wean 1.4 1 .5 1-5 1.2 1.4 
Standard deviation .6 .7 .8 1.0 .5 
Mean of controls, or 
sprayed samples 1.4 1.4 taken together 
Standard deviation .6 .6 
137. 
APPENDIX 4: radio-chemical experiments. 
Table 48; radio-chemical uptake by l i v e seeds on 
Thrislington Common and peat top s o i l s . 
Figure 59: uptake of radio-chemically l a b e l l e d 2,4-D 
by l i v e seeds on Thr i s l i n g t o n Common and 
peat top s o i l s . 
Table 49: radio-chemical uptake by previously k i l l e d 
seeds on Thrislington Common and peat top 
s o i l s . 
Table 50: comparison of 2,4-D content of s o i l s before 
and a f t e r shaking and centrifuging with water. 
Table 51: radio-chemical comparison of 2,4-D content 
of seedlings before and a f t e r shaking with 
d i s t i l l e d water. 
138. 
•TABLE 48: 
Radio-chemical comparison of uptake of .2,4-D by previously ungerminated 
wheat seeds on top s o i l from Thrislington Common and on top peat. 
Live seeds on Thrislington Common Live seeds on peat top s o i l 
Hours a f t e r •• top s o i l Uptake i n Uptake i n experiment Counts Counts started per minute % accuracy S per minute 5?accuracv s 
.5 358.8 5.0 .589 65.2 15.0 .614 
1.0 682 .2 5.0 . .537 83.O 10 .0 .681 
1.5 671.8 5.0 .673 66.0 15.0 .518 
2.0 559.6 5.0 .714 87.2 10.0 .684 
2.5 1184.0 3.0 .669 70.4 15.0 .646 
3.0 1379.6 3.0 .674 73.4 15.0 .672 
3.5 924.6 3.0 .713 82 .4 10.0 .680 
4.0 1224.0 3.0 .483 63.4 15.0 .514 
6.0 1008.0 3.0 .707 89.0 10.0 .700 
8.0 3139.6 2.0 .681 101.6 10.0 .687 
10.0 1193.0 3.0 .661 137.2 10.0 .705 
12.0 1343.8 3.0 .706 125.4 10.0 .664 
16.0 3845-6 2.0 .672 106.0 10.0 .673 
22.0 3282.4 2.0 .684 140.6 10.0 .684 
28 .0 1705.8 7 n .765 156.4 10.0 .702 
36.0 2197.6 2.0 .689 142.2 10.0 .684 
46.0 1987.6 3.0 .597 458 .6 5.0 .654 
58.0 1542.6 3-0 .632 418.0 5.0 .639 
70.0 2989.8 2.0 .465 667.4 .5.0 .672 
139. 
Figure 39» uptake of radio-chemically l a b e l l e d 2,4=D by l i v e 
seeds on Th r i s l i n g t o n Common and peat top s o i l s . 
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TABLE 49; 140. 
Radio-chemical comparison of uptake of 2,4-D by previously 
ungerminated wheat seeds on top s o i l from Th r i s l i n g t o n Common and 
on top peat. 
Previously k i l l e d seeds 
T h r i s l i n ^ t o n Common top 
on 
s o i l 
Previously k i l l e d seeds on 
peat top. s o i l 
Hours a f t e r 
experiment 
start e d 
Uptake i n 
Counts 
per minute % accuracy S 
Uptake i n 
Counts 
per minute $ accuracy s 
. 5 213 -0 7 . 0 • 550 7 3 . 8 15 .0 .524 
1.0 363 .8 5 . 0 . 6 4 9 7 4 . 6 15 .0 .681 
1 . 5 1095 .0 3 . 0 .701 7 4 . 2 15 .0 .707 
2 . 0 315 .6 7 . 0 .677 6 0 . 8 15 .0 .640 
2 . 5 716 .4 5 . 0 .690 8 8 . 0 10 .0 .549 
3 .0 2 3 9 . 6 7 . 0 .699 6 7 . 6 1 5 . 0 .680 
3-5 8 5 5 . 0 3 .0 .608 7 4 . 2 1 5 . 0 • 597 
4 . 0 434 -4 5 .0 .631 81 . 6 10 .0 .670 
6 . 0 1248.2 3.0 .686.' 7 7 . 4 1 5 . 0 .666 
B.O 780 .2 5 . 0 .647 9 6 . 0 10 .0 .642 
10 .0 2296 .6 2 . 0 .675 8 3 . 2 1 0 . 0 .635 
12 .0 526 .8 5 . 0 .674 3 3 4 . 2 5 .0 .662 
16 .0 1737=0 .636 9 9 . 4 1 0 . 0 . 672 
2 2 . 0 2539 .8 2 . 0 .694 125 .4 10 .0 .645 
28 .0 4 0 9 4 . 2 " 1=5 .681 156.8 . 1 0 . 0 .638 
3 6 . 0 1800 .2 3.0 ,678 1 2 5 . 8 10 .0 
j 
. 633 
4 6 . 0 2 8 1 9 . 2 2 . 0 . .605 2 3 4 . 0 7.Q' . 643 
5 8 . 0 1950 .2 3 . 0 .733 164 .0 7 . 0 .650 
7 0 . 0 2 5 5 5 . 6 2 . 0 ,662 4 7 7 . 8 . 5 . 0 .651 
TABLE 50: 141. 
Radio-chemical comparison of s o i l s before and a f t e r shaking and 
centrifuging with d i s t i l l e d water. 
Sample S o i l Type Treatment Wt. of s o i l 












A Thrislington Shaken & centrifuged 
with 10cm water 
2.57 9 5 2 . 4 370.58 3 .0 .000 
B Peat Shaken & centrifuged 
with 10cm water 
1.64 6570.4 3884 .3 1 . 5 .000 
C Thrislington Shaken & centrifuged 
with 10cm water 
2.00 6 7 2 6 3 . 8 33631 .9 0 . 5 .086 
D Peat Shaken & centrifuged 
with 10cm water 
1 .90 9062.0 4 7 6 9 . 5 1.0 . 002 
E Thrislington Shaken & centrifuged 
with 20cm water 
2.66 47620.0 17902.0 0 . 5 .038 
F Thrislington Shaken & centrifuged 
with 20cm water 
2 .52 67482 .4 26778 .7 0 . 5 .081 
G Thrislington Control 1.98 515262.2 159223.3 0.2 .067 
H Peat Control 1.06 23331.2 22010 .6 0 . 7 .000 
Results from wash a f t e r centrifuging 





Wash from s o i l sample A 51836 .8 20107 .6 0 . 5 0.589 
Wash from s o i l sample B 28988 .8 17646.8 0 . 5 O.568 
Wash from s o i l sample C 4 5 1 6 6 . 2 2 2 3 5 3 . 6 ' 0 . 5 0 .652 
Wash from s o i l sample D 26487 .6 13809.4 0 . 7 0.641 
Wash from s o i l sample E 37154 .6 13894.6 0 . 5 0 .710 




Radio-chemical comparison of seeds before and a f t e r shaking 1 with 
d i s t i l l e d water. 
Treatment Counts/min iu accuracy s 
Control 3391 .4 2 . 0 • 559 
Shaken for 10 min. with 
10cm d i s t i l l e d water , 2 8 9 3 . 8 3 .0 . 5 0 5 
Shaken for 30 min. with 
10cnr- d i s t i l l e d water 1566 .6 3 .0 . 598 
Appendix 143-
Computer programmes used for analyzing r e s u l t s . 
The basic programmes are included here. I t was sometimes necessary to 
a l t e r them s l i g h t l y ; f o r instance, to allow for d i f f e r e n t controls i n 






1 . Programme to ca l c u l a t e means and standard deviations of shoot lengths, 





F 3.1.2X . F 3 . 1 . 1X . F 3 . 1.1X . F 3 . 1.2X . F 3.1.1X . F 3.1. 




(RTCB GT 1.0) RTCB<=1.0 
RTCM=TCM/.82 
(RTCM GT 1.0) RTCM=1.0 
RTCT=TCT/.57 














































(RTB GT 1.0) 
RTM=TM/1.57 
(RTM GT 1.0) RTM=1.0 
RTT=TT/1.2 
(RTT GT 1.0) RTT=1.0 
RWB=WB/li85 - - -. --
(RWB GT 1 .0; RWB=1.0 ,'" 
RWM=WM/1.54 / 
(RWM GT 1 .0J RWM=1.0 
R\VT=WT/1.42' 
(RWT GT 1.0) RWT=1.0 
RLB=LB /1.40 
(RLE GT 1.0) RLB=1.0 
RLM=LM/.90 
(RLM GT 1 .0; RLM=1.0 . / 
RLT1=LT1/1.40 
(RLT1 GT 1.0) RLT1=1.0 
RPB=PB/1.10 
(RPB GT 1.0) RPB=1.0 
RPM=PM/.60 
(RPM GT 1.0) RPM=1.0 
RPT=PT / .44 
(RPT GT 1.0) RPT=1,0 
RTCB.RTCM.RTCT.RTB.RTM.RTT.RWB. 
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Programmes 
2. Programme to convert means of shoot indices to log. of 2,4-D 
concentration. 




HBAD (5 ,17)UA(l,J ) ,1 -1 ,M) tJ -1 ,M) 
17 FORMAT(8F6,3,2=9.1) 
DO 37 J=1,N 
DO 27 1=1,MM 




47 FORMAT (' V/KO WK1 WK2 WK3 WK4 WK5 WK6 WK7 *) 






3 . Programme to plot graphs of radio-chemical experiments and (with a l t e r a t i o n s ) 
weekly Moassays. 
DIMENSION X(100),Y(100),T1TLE(20) 
CALL PSPACE (0.1, 0 . 9 , 0.1), 0 - 9 ) 
CALL MAP ( 0 . 0 , 80 . 0 , 0 . 0 . 4 0 0 0 . 0 ) 
CALL AXES 
• \ CALL BORDER 
CALL CTRSET'U) 
READ (5 , 1 0 0 ) TITLE 
READ (5,101; NL ' 
DO 30 IL=1-NL i 
READ (5,101; NP • * 
DO 10 1P=1,NP 
READ (5,102) X(1P),Y(1P) 
10 CONTINUE I 
CALL PTPLOT (X,Y,1,NP,-2) 
CALL PTPLOT (X,Y,1,NP,49+1L) 
30 CONTINUE 
CALL PSPACE (0.0.1.0.0.0.1.0) 
CALL MAP ( 0 . 0 . 1 . 0 . 0 . 0 . 1 . 0 ) 
CALL CTRSET(1) 
CALL PLOTCS (0.1.0 . 9 2 ,TITLE,80) / 
CALL GREND 
STOP 
100 FORMAT (20A4) 
101 FORMAT ( 1 3 ) 
102 FORMAT (2F10.0) 
END 
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4* Programme to ca l c u l a t e shoot indices from controls, 
to plot control graphs of shoot indices against log. of 2.4-D 
concentration. 
DIMENSION R ( 1 5 . 4 ) 
DIMENSION STYPlfl((15.4) 
C I : I - 3=TC , 4 -6= T. 7-9=W, 10 -12«L, 13-15=P 
C Jj1=100PPM,2=50PPM,3=10PPM,4=C0NTR0L 
DO 27 J=1,4 
READ ( 5 , 37)(STYPW(l,j ) , 1 , 15 ) 
27 CONTINUE 
37 FORMAT ( 1 5 F 5 . 2 ) 
DO 57 J - 1 , 4 
DO 47 1=1,15 
EVALUATE SHOOT INDICES 
R(1,J)=STYPW(1,J/STYPW(1.4) 
I F (R ( 1.J) .GT. 1.0)R(1,J)=1.0 
47 CONTINUE 
WRITE ( 6 . 6 7 ) 
67 FORMAT ('SHOOT INDICES 1,/, 1 TCB TCM TCT TB TM TT WB WM 
1 WT LB LM LT PB PM PT') 
WRITE ( 6 , 7 7 K ( R ( 1 , J ) , 1 = 1 , 1 5 ) , J = 1 , 4 ) 




APPENDIX.5i computer programmes used to analyze r e s u l t s . 
1. Programme to calculate shoot i n d i c e s , and mean and 
standard deviations of shoot longths and shoot i n d i c e s . 
2. Programme to convert means of shoot indices to log. 
of 2,4-D concentrations. 
3« Programme to plot graphs. 
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